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Sev eral sec tions re cord the re la tion be tween the “black flysch” and Up per Cre ta ceous red shales in the Grajcarek thrust-sheets. In all the
sec tions stud ied the “black flysch” ap pears in the core of imbricated folds or thrust-sheets, whereas the limbs are com posed of Up per Cre -
ta ceous de pos its. The tran si tional beds be tween the “ black flysch” and the Up per Cre ta ceous red shales are com posed of green and black
bi tu mi nous shales, green and red radiolarites and cherty lime stones. Biostratigraphical in ves ti ga tions have re vealed a sim i lar type and se -
quence of micro fauna as sem blages in all the sec tions stud ied and sig nif i cant redeposition of Ju ras sic cal car e ous ben thic foraminifera,
cal car e ous nannoplankton, molluscs, sponge spicules and cri noid el e ments. The Cre ta ceous age (Aptian/Alb ian–?Cenomanian) of the
“black flysch” is shown by the pres ence of ag glu ti nated foraminifera and microfacies data. These de pos its are un der lain by a
Kimmeridgian–Aptian radiolarite/lime stone con densed suc ces sion and over lain by Turonian–Campanian hemipelagic red shales and
Maastrichtian/Lower Paleocene con glom er ates and thick-bed ded silicilastic turbidites of the Jarmuta For ma tion. Such a se quence of de -
pos its is typ i cal of the Outer Carpathian bas ins and re cords the global Mid/Late Cre ta ceous phe nom ena in the world ocean, fol lowed by
the Cre ta ceous Oce anic Red Beds.
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INTRODUCTION
The Pieniny Klippen Belt (PKB) is the su ture zone which
sep a rates Cen tral  Carpathian Paleogene Ba sin from the Magura
Nappe (Outer West ern Carpathians; Fig. 1). The PKB suc ces -
sions are build up of Lower/Mid dle Ju ras sic to Up per Cre ta -
ceous pe lagic and flysch de pos its (Birkenmajer, 1977, 1986). 
In the Ma³e Pieniny Mts., the main Paleogene body of the
Magura Nappe and PKB is sep a rated by a nar row, strongly
de formed peri-PKB Zone, known as the Grajcarek Unit
(Birkenmajer, 1977, 1979, 1986) or the Grajcarek
thrust-sheets (Oszczypko et al., 2010). This tec tonic unit has
been re cently distinghuished in East ern Slovakia, as the
Fak¾ovka (Fig. 1B; Oszczypko et al., 2010) or the Šariš Unit
(Plašienka and Mikuš, 2010). The Grajcarek thrust-sheets
suc ces sion is com posed of Ju ras sic, Cre ta ceous and
Paleocene pe lagic and flysch de pos its be long ing to the
Magura suc ces sion (Birkenmajer, 1977, 1986). Ac cord ing to
this con cept, the Laramian Grajcarek Unit was thrust back
over the PKB, and fi nally over stepped by the Late Paleocene
to Early Eocene “autochthonous Magura Paleogene” as a lat -
eral ex ten sion of the Magura Ba sin (see also Birkenmajer and
Oszczypko, 1989). The stra tig ra phy of the Ju ras sic and Lower 
Cre ta ceous de pos its of the Grajcarek suc ces sion has been a
sub ject of long-last ing con tro versy. Re cently, the au thors crit -
i cally re-ex am ined, with re spect to ge ol ogy and
biostratratigraphy, all ma jor sec tions of the Ju ras sic–Cre ta -
ceous de pos its in the Ma³e Pieniny Mts., with spe cial em pha -
sis on the Grajcarek suc ces sion. In our opin ion the re sults of
the stud ies may con trib ute to a so lu tion of the con tra dic tions
on the age of the “black flysch” de pos its, which is im por tant
for better un der stand ing of the evo lu tion of the Magura and
PKB bas ins.
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PREVIOUS WORKS
Horwitz (1929) dis tin guished, in the PKB, black shales
with in ter ca la tions of thin- to thick-bed ded muscovitic sand -
stones (“Black Cre ta ceous”) of Barremian to Albian age, over -
lain by the Senonian “Red Cre ta ceous” shales. Sub se quently,
Horwitz (1933) re vised his for mer opin ion and as signed the
black shales to the Mid dle Ju ras sic. In Birkenmajer’s (1960)
early strati graphi cal scheme of the PKB these beds were called
the “Flysch Aalenian”. Sikora (1962) doc u mented that the beds 
as signed to the “Flysch Aalenian”, oc cur ring in the Sztolnia
Stream near Szczawnica, be long to the Cre ta ceous, and pass
up wards into the Cenomanian black/green shales and Turonian 
red shales (pres ent Malinowa For ma tion). Later, Sikora
(1971a) sub di vided the “Flysch Aalenian” in two Cenomanian
lithostratigraphic units: the Sztolnia and the Sprzycne beds.
This idea was re jected by Birkenmajer (1963) and Birkenmajer 
and Pazdro (1968). They ar gued that the micro fauna,
ostracods, and pelecypods from the shales clearly in di cated a
Mid dle Ju ras sic age, whereas the Cre ta ceous plank tonic and
ag glu ti nated foraminifera re ported by Sikora (1962) were the
re sult of con tam i na tion. Ksi¹¿kiewicz (1977) shared Sikora’s
(1962, 1971a) point of view and added a few other geo log i cal
ar gu ments in fa vour of this opin ion. The same point of view
was expresed by Golonka and R¹czkowski (1984a, b) in the
Geo log i cal Map of Po land (Piwniczna Sheet).
Birkenmajer (1977) in cluded the “black flysch” into new
for mal lithostratigraphic units with dif fer ent names and ages:
the Szlachtowa (Toarcian–Aalenian) and Opaleniec (Bajocian) 
for ma tions. Si mul ta neously, the Wronine (Lower Albian) and
Hulina (Albian–Middle Cenomanian) for ma tions have been
es tab lished at the base of the Malinowa Shale For ma tion (Up -
per Cenomanian–Campanian). A de tailed lithological and
sedimentological de scrip tion of the Szlachtowa For ma tion was 
given by Krawczyk and S³omka (1986). 
The lithotype of the Wronine Beds was de scribed by
Birkenmajer and Pazdro (1963). Sikora (1971a, b) con cluded
that the name “Wronine Beds” should be used only for the
black shales un der lain by cherty lime stones and over lain by the
“black flysch” of the Sztolnia Beds (e.g., Zabaniszcze sec tion).
Sev eral years later Birkenmajer (1977) also stated that the
Wronine Fm. is very dif fi cult to dis tin guish from the Opaleniec 
Fm. (Bajocian), with out fos sils. In fact, the names of these
strati graphic units have been used in ter change ably
(Birkenmajer and Pazdro, 1963, 1968; see also Birkenmajer
and Gedl, 2007). 
In 1967–1969, at the north ern bound ary of PKB at
Szczawnica (Fig.1B), a 1200 m deep bore hole, PD9, was
drilled. In this bore hole a new lithostratigraphic unit – the
Bryjarka Fm. (Hauterivian–Albian–Cenomanian), at least
190 m-thick (Fig. 2), was de scribed be tween the Szlachtowa
and Malinowa for ma tions (Birkenmajer et al., 1979). The
Bryjarka Fm. has never been in cluded in Birkenmajer’s (1986,
2001) strati graphi cal schemes.
Dis cus sion over the “black flysch” stra tig ra phy was re -
newed af ter pub li ca tion of Oszczypko et al. (2004), which pre -
sented the new data from the Slo vak and Pol ish sec tors of the
PKB on the Albian–Cenomanian age of the “black flysch”, and 
the Cenomanian to Campanian age of the over ly ing green and
red shales, recpectively. The con cept of Oszczypko et al.
(2004) was re jected by Birkenmajer and Gedl (2004, 2007) and 
Birkenmajer et al. (2008), who re peated their pre vi ous
biostratigraphical ar gu ments fa vour ing Ju ras sic ages for these
for ma tions, and re peat ing the “con tam i na tion” prov e nance of
the Cre ta ceous pe lagic and ag glu ti nated foraminifera of these
beds (see also dis cus sion in Gedl, 2008c; Oszczypko et al.,
2008; Malata and Oszczypko, 2010). 
Re cently Plašienka et al. (2012), be tween Jarabina and
Litmanová (East Slovakia, Fig. 1B), drilled, be neath the
Czorsztyn Nappe, three thrust-sheets of the Grajcarek Unit
(Šariš Unit, ac cord ing to Plašienka et al., 2012). These
thrust-sheets are com posed of red shales of the Malinowa Fm.
(Cenomanian–Santonian) un der lain by black shales with in ter -
ca la tions of micaceous sand stones (“black flysch” of Up per
Albian age). New data on the black flysch in Po land  and East
Slovakia are given by Barski et al. (2012). These au thors pro -
posed, us ing  or ganic dinocysts, a Bajocian age for the
Szlachtowa For ma tion. How ever, these au thors did not ex clude 
the pos si bil ity of an oc cur rence of sim i lar de pos its of Early
Cre ta ceous age in the PKB.
The type sec tion of the Hulina For ma tion was de scribed on
the south ern slope of Hulina Hill (Fig. 1B). In ter pre ta tion of the 
Hulina sec tion changed af ter dinocyst de ter mi na tions
(Birkenmajer and Gedl, 2007; Gedl, 2007). Ac cord ing to this
new in ter pre ta tion the thick ness of the Hulina and Wronine for -
ma tions in this sec tion were con sid er ably re duced and re placed
by Ju ras sic for ma tions: Opaleniec (Bajocian) and Sokolica
Radiolarite (for mer the Mid dle Albian Groñ Radiolarite Mem -
ber of the Hulina For ma tion, see Birkenmajer, 1977, and his
later pa pers). The his tory of con tro versy re gard ing the age of
the “ black flysch” as well as of the Wronine and Hulina for ma -
tions is shown in Ta ble 1.
Small ex po sures of de pos its sim i lar to the “black flysch”
were found by Nemèok (1990) and Oszczypko et al. (2004)
near Údol near Stará ¼ubovòa in ¼ubovnianska Vrchovina,
east of the Ma³e Pieniny Mts.
GEOLOGICAL SETTING
In the Ma³e Pieniny Mts. the “black flysch”de pos its of the
Grajcarek thrust-sheets oc cur both at the front of and in side
the PKB (Krawczyk and S³omka, 1968; Jurewicz, 1987,
1997; Oszczypko et al., 2010). At the front of the PKB these
de pos its oc cur mainly south and south-east of the town of
Szczawnica (Fig. 1B), on the south ern slope of Hulina Hill,
and in the G³êboki and Klimontowski creeks (WP 525, WP
25; Figs. 1B and 3). To wards the east, ex po sures of the “black
flysch” are known on the north ern slope of Jarmuta Mt.
(WP 18; Fig. 1B), as well as in the Sztolnia and Krupianka
Creek val leys (WP 215; Fig. 1B). To the east of the vil lage of
Jaworki “black flysch” oc curs in a nar row, dis con tin u ous belt, 
at the front of the PKB, up to the Pol ish–Slo vak bound ary.
South-east of the Homole block, “black flysch” oc curs in tec -
tonic win dows of the PKB (see Golonka and R¹czkowski,
1981; Jurewicz, 1997) wedged be tween the klippen units and
the “autochthonous Magura Paleogene” (Oszczypko et al.,
2010; WP 100, 102, 134, 141; Fig. 1B). 
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In all sec tions stud ied, the “black flysch” ap pears in the
core of imbricated folds and/or thrust sheets, whereas the limbs
of the folds are com posed of the Malinowa (Turon -
ian–Campanian) and Jarmuta (Maastrichtian– Pale ocene) for -
ma tions. Lo cally the Jarmuta For ma tion di rectly over lies the
“black flysch”. From our in ves ti ga tions it ap pears that the
lower bound ary of the “black flysch” is ev ery where tec tonic.
The only place where the strati graphic base of “black flysch”
can be pre served is in the sec tion of Late Ju ras sic–Early Cre ta -
ceous rocks on the left bank of Grajcarek Stream at
Szczawnica-Zabaniszcze (Zb on the Fig. 1B; cf. Sikora,
1971a, b). The to tal thick ness of the “black flysch” is at least
220 m (Birkenmajer, 1977, see also Birkenmajer et al., 2008).
In the bore hole PD9, at Szczawnica (Figs. 1B and 2; see
Birkenmajer et al., 1979) the tec tonic base of these strata was
pen e trated at a depth of 855 m. In this bore hole the in com plete
thick ness of the “black flysch” was about 310 m, 120 m and
190 m of the Szlachtowa and Bryjarka for ma tions, re spec -
tively. The re view of the his tory of “black flysch” stud ies im -
plies that the the lithostratigraphic no men cla ture pro posed by
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Fig. 2. Lithostratigraphic logs of the sec tions stud ied
Hulina sec tion af ter Birkenmajer (1977)
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T a  b l e  1
Re view of the pre vi ous stud ies on the “black flysch” in the Pieniny Klippen Belt
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Fig. 3. Main lithological va ri et ies of the Grajcarek thrust-sheets de pos its in the Ma³e Pieniny Mts. 
A – shaly fa cies of the Szlachtowa Fm., lower sec tion of the Sztolnia Stream; B – thin- to me dium-bed ded muscovitic
sand stones with in ter ca la tions of black cal car e ous mudstone, up per part of the Szlachowa Fm., lower sec tion of the
Sztolnia Stream; C – mas sive grey green spot ted mudstones of the Opaleniec Fm., lower sec tion of the Sztolnia
Stream; D – klippen of cherty lime stones, right bank of the Grajcarek at Szlachtowa; E – brecciated red shales of the
Malinowa Fm. and “black flysch” – the fault zone in the lower sec tion of the Sztolnia Stream; F – red shales of the
Malinowa Fm., mid dle sec tion of the Sztolnia Stream; G – fine con glom er ates of the Jarmuta Fm., left bank of the
Grajcarek Stream, Szczawnica–Malinów; H – thick-bed ded sand stones of the Jarmuta Fm., the same lo ca tion
Sikora (1962, 1971a, b) should have pri or ity. On the other
hand, the for mal lithostratigraphic units of Birkenmajer (1977
and later pa pers) have been used in the Carpathian geo log i cal
lit er a ture for sev eral de cades. 
The Szlachtowa For ma tion is a typ i cal “black flysch”
com posed of thin- to thick-bed ded turbiditic sand stone with
in ter ca la tions of black and dark grey marly mudstone and
shale with mus co vite flakes (Fig. 3A, B). Ad di tion ally, in ter -
ca la tions of sid er ite and thin-lam i nated coal lay ers have been
also ob served (see Krawczyk and S³omka, l986). The thin- to
me dium-bed ded, micaceous sand stones are fine- to
coarse-grained, dark grey and blu ish col oured and lo cally
they con tain a sub stan tial amount of crinoidal frag ments and
clasts of grey and yel low lime stone (see G³uchowski et al.,
1983). The sand stones are cal car e ous and of ten show par al lel
lam i na tion. In the Krupianka and G³êboki streams the up per
part of the for ma tion con tains in ter ca la tions of thick- and very 
thick-bed ded sand stone and coarse- and very coarse-grained
sand stone, rich in carbonatic clasts (Krawczyk and S³omka,
1986). These sand stones of ten dis play par al lel lam i na tion (Tb 
–  turbidites). Lo cally the sand stones are very rich in crinoidal
grains. The Szlachtowa Fm., at least 100 m thick (Fig. 2),
passes up wards into a 10 to 16 m-thick packed of light grey
spot ted shales and marls with py rite con cre tions and si der it ic
lime stone in ter ca la tions be long ing to the Opaleniec For ma -
tion (Fig. 3C). The Opaleniec For ma tion is best ex posed in the 
Sztolnia and Krupianka creeks. In the other setions it is dif fi -
cult to dis tin guish these strata. In the mid dle sec tion of the
Grajcarek Stream (WP 357; Fig. 1B) the Szlachtowa-type
lithofacies shows in ter ca la tions of red shale.  The red shales
within the Szlachowa For ma tion were also de scribed by
Krawczyk and S³omka (1986).
At the base of the Up per Cre ta ceous red and var ie gated
shales, Sikora (1962, 1971b) dis tin guished a “Cenomanian
Key Ho ri zon” (CKH), which more or less cor re sponds with the 
Hulina Fm. (see Birkenmajer, 1977). In the sec tions stud ied by
us these beds (CKH) are rep re sented by 1–3 m of green,
non-cal car e ous shales with manganeous coat ings and thin in -
ter ca la tions of black shale (Fig. 2). In sev eral sec tions be tween
the “black flysch” and the Up per Cre ta ceous red shales of the
Malinowa For ma tion there are lay ers of red and green
radiolarites fol lowed by cherty lime stones and/or spot ted
(black) lime stones/green radiolarites (Figs. 2 and 3D; see also
Horwitz, 1963). These lime stones and radiolarites were pre vi -
ously re garded by Birkenmajer (1977, 1979 and later pa pers)
as tec tonic blocks de rived from the Branisko Unit. 
 Higher up in the sec tions stud ied the red and var ie gated
shales of the Malinowa For ma tion oc cur. Its lower bound ary is
sharp, against the CKH, man i fested by the first ap pear ance of
red shales, whereas the up per bound ary with the Jarmuta Fm. is 
tran si tional. The Malinowa For ma tion is com posed mainly of
non-cal car e ous cherry-red and green ar gil la ceous shales
(Fig. 3E), but in the south ern thrust sheets of the Grajcarek suc -
ces sion the var ie gated shales are lo cally re placed by mas sive
cherry-red marls.
In the sec tions stud ied, the thick ness of the Malinowa For -
ma tion is up to 25 to 30 m and only a part of the for ma tion is ex -
posed. On the south ern slope of Jarmuta Mt., the red shales be -
tween the Jarmuta and the Opaleniec for ma tions are only a few
metres thick and in some places they dis ap pear. The rea son of
this phe nom e non is not clear, but it can be both of tec tonic
and/or sed i men tary na ture (sub ma rine ero sion). At the mouth
of the Sielski Brook to the Grajcarek Stream (WP 370; Fig. 1B) 
and along the lower reaches of Czarna Woda Brook (WP 284;
Fig. 1B) the basal por tion of the Jarmuta Fm. con tains de bris
flow paraconglomerates with clasts of red shale and of
Lower/Mid dle Cre ta ceous lime stone and radiolarite. In the
north ern thrust-sheets in the Sielski and Stary brooks the var ie -
gated shales of the Malinowa For ma tion con tain thick in ter ca -
la tions of thick- and very thick-bed ded sand stones, up to
6 m-thick. The mea sured thick ness of the Malinowa Fm., in
these sec tions, is at least 180 m. These mas sive sand stones, dif -
fer ent from the typ i cal Jarmuta sand stones, are mainly fine- to
me dium-grained with non-cal car e ous ce ment. This type of
thick-bed ded sand stones, wedged be tween var ie gated shales,
prob a bly oc curs also in the mid dle sec tion of the Sztolnia
Stream (WP 150, 154; Fig 1B), and reaches up to 350 m in
thick ness. In some pub li ca tions (Birkenmajer and Pazdro,
1968; Birkenmajer, 1979; Golonka and R¹czkowski, 1984a,  b) 
these sand stones were de scribed as be long ing both to the
Jarmuta and to the Eocene Magura Sand stones. Ac cord ing to
Birkenmajer (1977, 1979; Birkenmajer and Oszczypko, 1989).
The Malinowa Fm. is of Late Cenomanian–Campanian in age.
The typ i cal Jarmuta Fm. is de vel oped as thick-bed ded
turbidites (Fig. 3G, H) with sub or di nate oc cur rences of grey
marly shale. The sand stones, 0.5–5 m-thick, are fine- to very
coarse-grained, with cal car e ous ce ment, blu ish and yel low ish
when weath ered. In the Jarmuta Mt. syncline the basal part of
the Jarmuta sand stones con tains in ter ca la tions of red shale (see
also Birkenmajer, 1979). In the Stary and Czarna Woda Stream
sec tions (WP 305, 320 in the Fig. 1B) the up per part of the
Jarmuta For ma tion (Mid dle Paleocene, NP5 zone, Birkenmajer 
et al., 1987) con tains thick pack ets of ex otic rocks. These rocks
are rep re sented by fre quent in ter ca la tions of thick-bed ded
gran ule to cob ble paraconglomerates (peb bly mudstones and
sed i men tary brec cia), rich in car bon ate clasts de rived from the
PKB as well as clasts of red shale of the Malinowa Fm. Ac cord -
ing to Birkenmajer and Wieser (1990) the Jarmuta con glom er -
ates from the Bia³a Woda sec tion are dom i nated by vol ca nic
rocks and car bon ates as well as sed i men tary clastic rocks (see
Krobicki and Olszewska, 2005). In the Ma³e Pieniny Mts. the
thick ness of the Jarmuta Fm. var ies from sev eral dozen metres
in the south ern part to 400 m in the north ern thrust sheets. The
palaeocurrent mea sure ments show sup ply of clastic ma te rial
from the SE. In the Szczawnica and Bia³a Woda sec tions the
heavy min eral as sem blages of the Jarmuta Fm. con tain rel a -
tively high con tents of chromian spi nels of ophiolite prov e -
nance (Oszczypko and Salata, 2005). 
SECTIONS STUDIED
SZCZAWNICA-ZABANISZCZE
Unique ex po sures are lo cated in Szczawnica (Figs. 1B
and 4) at the left bank of the Grajcarek Stream and the small left 
con flu ence of the Grajcarek Stream (Fig. 4). The ca. 20 metres
long ex po sure (Fig. 4B; see Nowak, 1971; Birkenmajer, 1979;
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Gedl, 2007) shows Ju ras sic to Lower Cre ta ceous, strongly con -
densed, pre-flysch de pos its of the Grajcarek thrust-sheets. In
this sec tion sev eral for ma tions have been dis tin guished by
Birkenmajer (1979; Fig. 4B).
The next ex po sure is lo cated along the banks and bed-rock
of the Zabaniszcze Stream, left-lat eral con flu ence of the
Grajcarek Stream (Fig. 4C, D). This pro file was stud ied by
Sikora (1971b), while the microfacies were de scribed by
Nowak (1971). The se quence is as fol lows (see Sikora, 1971b): 
0.95 m of of manganeous, green and red radiolarites (FRS and
FCR, see sec tion A), 0.45 m of red Aptychus shales and var ie -
gated lime stones (FWC), 1.75 m of pelitic, spot ted and cherty
lime stones (FWP), 0.80 m of dark marls and spot ted lime -
stones, black and green si lici fied shales, spot ted lime stones
(FK), 0.75 m of green grey ish, manganeous shales and marls
(FW); and 0.15m of dark brown shales as tran si tion beds to
flysch de pos its of the Szlachtowa Fm., a few dozen metres
thick. Ac cord ing to our data (Fig. 4C, D) this sec tion dis plays
ca. 16 m of subvertically dip ping Up per Ju ras sic to Lower Cre -
ta ceous pe lagic de pos its. 
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Fig. 4. Geo log i cal po si tion of the klippen at Szczawnica-Zabaniszcze
A – geo log i cal sketch-map of the left bank of the Grajcarek Stream at the out let of the Zabaniszcze Stream; B – the left bank sec tion ac cord ing to Birkenmajer
(1979); C – geo log i cal sketch-map of the out let of the Zabaniszcze Stream; D – lithostratigraphic log and lo ca tion of sam ples of the Zabaniszcze Stream out let
sec tion; abrevations (see Birkenmajer, 1979; Gedl, 2007): FRS – Sokolica Radiolarite For ma tion (?Bajocian–?Oxfordian); FRC – Czajakowa Radiolarite
For ma tion; FRC1 – Czajakowa Radiolarite For ma tion, Podmajerz Radiolarite Mem ber (Oxfordian); FRC2 – Czajakowa Radiolarite For ma tion, Buwald
Radiolarite Mem ber (Oxfordian); FWC – Czorsztyn Lime stone For ma tion, Palenica Marlstone Mem ber (Kimmeridgian–Tithonian); FWP – Pieniny Lime -
stone For ma tion (Tithonian–Barremian); FK – Kapuœnica For ma tion – spot ted marls (Aptian–Albian); FW – Wronine For ma tion (1 m-thick, black cal car e ous 
shales of Albian age); FS – Szlachtowa Fm.; this se quence overthrusts the Late Cre ta ceous var ie gated shales of the Malinowa For ma tion (FM) and the Jarmuta 
type sand stones (FJ)
SZTOLNIA STREAM SECTION
The Sztolnia sec tion dis plays in tensely folded Lower to Up per 
Cre ta ceous de pos its of the Grajcarek thrust-sheets, mainly clayey
de pos its squeezed be tween more rigid rocks of the Jarmuta For -
ma tion (Maastrichtian–Paleocene) in the north and the Branisko
Klippen in the south (Figs. 1B and 5). The ex po sures in the up per
course of the Sztolnia Stream com prise two sec tions (A and B)
pre vi ously stud ied by Sikora (1962, 1971b), Birkenmajer and
Pazdro (1968), Ksi¹¿kiewicz (1977), Birkenmajer and Myczyñski 
(1977), as well as by Oszczypko et al. (2004), Birkenmajer and
Gedl (2004) and Birkenmajer et al. (2008). 
As a re sult of deep ero sion dur ing the last forty years, these
sec tions sig nif i cantly dif fer in de tail from those de scribed both by
Sikora (1971b) as well as by Birkenmajer and Pazdro (1968),
Birkenmajer and Myczyñski (1977) and Birkenmajer et al.
(2008). In ad di tion, sec tion C, lo cated in a left in let of the Sztolnia
Stream (Figs. 5, 6 and 7), has been also a sub ject of our stud ies.
Sec tion A (Small Wa ter fall) up to 22 m-thick is com posed 
of the fol low ing lithostratigraphic units (Figs. 5 and 6): 3–4 m
of subvertically dip ping dark grey marly shales with a few in -
ter ca la tions of micaceous sand stones of the Szlachtowa Fm.; up 
to 12 m of light grey, mas sive, marly shale with in ter ca la tions
of si der it ic lime stone and py rite con cre tions with 1 m of grey
green ish, non-cal car e ous shales at the top – Opaleniec Fm.;
Cenomanian Key Ho ri zon (CKH) – 1.0–1.5 m of green
radiolarian shales with in ter ca la tions of black shale, 5–8 cm of
wil low green (celadon) shales; 0.1m of py rite framboids and
green radiolarites; 2.0 m of pelitic light grey spot ted lime stones
and marls with sev eral in ter ca la tions of bioturbated black
shales up to 20 cm thick; 0.25–0.3 m green grey ish non-cal car -
e ous shales with a few in ter ca la tions of black shale; 1 m of red
and green shales with in ter ca la tions of grey mudstones
(Malinowa Shale For ma tion). 
Sec tion B (Large Wa ter fall; Figs. 5 and 6) is up to 45 m
thick: 1–1.5 m of dark grey and black marly shales and
mudstones, with in ter ca la tions of micaceous sand stone of the
Szlachtowa Fm.; 22 m of grey green ish spot ted shales with si -
der it ic lime stones at the top of the Opaleniec Fm.; 2.0–2.25 m
green ish and black shales, partly si li ceous with thin in ter ca la -
tions of green radiolarite (CKH); 19 m of red marly shales with
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Fig. 5. Geo log i cal cross-sec tion; up per sec tion of the Sztolnia Stream with lo ca tion of sam ples 
(sec tions A–C; for lo ca tion see Fig. 1B and Ta ble 2) 
in ter ca la tion of grey mudstone (Malinowa Shale Fm.). A small
ex po sure of the Jarmuta For ma tion oc curs in the up per part of
the sec tion (Fig. 5). 
Sec tion C (left trib u tary of the Sztolnia Stream) dispalys
strongly de formed small anticline with the Opaleniec
(Sprzycne) For ma tion and  CKH in the cor of fold, and red
shales of the Malinowa Fm. on the wings.
KRUPIANKA STREAM SECTION
This sec tion, with a length of ap prox i mately 250 m (Fig. 1B), 
is lo cated in the lower reaches of the Krupianka Stream. This
sec tion has been re peat edly de scribed (Birkenmajer and Pazdro,
1968; Birkenmajer, 1977; 1979, see also Gedl, 2008a, b). The
lower part of the sec tion dis plays black to dark grey marly
mudstones with thin- to me dium-bed ded, cal car e ous, micaceous
sand stones – the Szlachtowa Fm. The up per part of the sec tion
dis plays black shaly flysch with thin-bed ded sand stone in ter ca -
la tions (Fig. 8A) and rare sphaerosiderite lenses. Higher up in the 
sec tion, black flysch passes up wards into thick-bed ded (up to
1.5 m-thick) sand stones (WP 215). These sand stones are in ter ca -
lated (Fig. 8B) with dark grey and black marly shales with thin to 
me dium-bed ded, lam i nated sand stones typ i cal of the
Szlachtowa Fm. These type of de pos its, up to 60 m-thick, are
over lain (WP 217) by ca. 2 m grey and green ish spot ted marls –
the Opaleniec Fm. This ho ri zon is over lain by 2–2.5 m of spot ted 
lime stones with green and red radiolarite lenses at the base
(Fig. 8C), see also Birkenmajer (1979), Gedl (2008a, b). The up -
per most part of the sec tion stud ied is com posed of a 2 m-thick
packet of grey shales and 1 m of red shales (WP 218) of the
Malinowa For ma tion, overthrust by black shales of the Skrzypne 
For ma tion (Bajocian) of the Czorsztyn Nappe of the PKB.
HULINA HILL SECTION
The Hulina sec tion, aproximately 40 m long, lo cated on the
SW slopes of Hulina Hill (Figs. 1B, 2 and 9), was re peat edly
de scribed by Birkenmajer (1977, 2001), Birkenmajer and Gedl
(2007) and Gedl (2007). The Hulina sec tion is ex posed in the
core of a small, asym met ri cal anticline. On the re duced south -
ern limb there oc cur red shales of the Malinowa Fm. and con -
glom er atic sand stones of the Jarmuta Fm. The fol low ing suc -
ces sion of strata may be ob served: 2 m of black shales with in -
ter ca la tions of muscovitic sand stone of the Szlachtowa Fm.;
11–12 m of the Opaleniec Fm., rep re sented by black and dark
green, mainly non-cal car e ous, shales with py rite con cre tions,
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Szlachtowa, Palkowski Stream WP 25 N 49° 24.366’ E 20° 33.328’
Szlachtowa, Grajcarek Stream WP 357 N 49° 24.697’ E 20° 31.339’
Jaworki “upon  Homole” WP 141 N 49° 24.364’ E 20° 32.248’
Jaworki, Krupianka Stream WP 215 N 49° 24.370’ E 20° 32.382’
Szczawnica, pod Hulin¹ WP 562 N 49° 25.268’ E 20° 27.850’
Szczawnica-Zabaniszce, Grajcarek Stream WP 393 N 49° 25.178’ E 20° 29.217’
Szczawnica-Zabaniszce, Zabaniszcze Stream WP 437 N 49° 25.153’ E 20° 29.265’
Szczawnica-Zabaniszce, Zabaniszcze Stream WP 439 N 49° 25.153’ E 20° 29.265’
Szczawnica-Zabaniszce, Zabaniszcze Stream WP 441 N 49° 25.139’ E 20° 29.269’
Szczawnica-Zabaniszce, Zabaniszcze Stream WP 442 N 49° 25.144’ E 20° 29.273’
Szczawnica-Zabaniszce, Zabaniszcze Stream WP 485 N 49° 25.155’ E 20° 29.270’
Szczawnica-Zabaniszce, Zabaniszcze Stream WP 487 N 49° 25.153’ E 20° 29.265’
Szczawnica-Zabaniszce, Zabaniszcze Stream WP 490 N 49° 25.132’ E 20° 29.373’
Szlachtowa, Grajcarek Stream WP 317 N 49° 24.592’ E 20° 32.532’
Szlachtowa, in let of Sielski Stream WP 370 N 49° 24.647’ E 20° 31.447’
Szlachtowa, in let of Sielski Stream WP 375 N 49° 24.617’ E 20° 31.411’
Szlachtowa, in let of Sielski Stream WP 943 N 49° 24.632’ E 20° 31.383’
Szlachtowa, Silelski Stream WP 222 N 49° 24.742’ E 20° 31.567’
Szlachtowa, Pod Jarmut¹ WP 18 N 49° 24.644’ E 20° 31.142’
Jaworki, Skalski Stream WP 100 N 49° 23.690’ E 20° 33.841’
Jaworki, Skalski Stream WP 102 N 49° 23.628’ E 20° 33.802’
Jaworki, Skalski Stream WP 134 N 49° 23.694’ E 20° 33.305’
Jaworki, Sztolnia Stream WP 150 N 49° 24.278’ E 20° 32.167’
Jaworki, Sztolnia Stream WP 154 N 49° 24.228’ E 20° 31.763’
Jaworki, Krupianka Stream WP 216 N 49° 24.363’ E 20° 32.407’
Jaworki, Krupianka Stream WP 218 N 49° 24.346’ E 20° 32.409’
Jaworki, Czarna Woda Stream WP 284 N 49° 24.546’ E 20° 33.388’
Jaworki, Stary Stream WP 305 N 49° 24.765’ E 20° 33.892’
Jaworki, Czarna Woda Stream WP 320 N 49° 24.666’ E 20° 32.654’
Szczawnica, G³êboki Stream WP 525 N 49° 26.406’ E°20 25.137’
T a  b l e  2
Geo graph ical po si tion of way points (WP) cited in this pa per
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Fig. 6. Typ i cal litofacies of the up per sec tion of the Sztolnia Stream (sec tions A and B)
A – shaly fa cies of the up per most part of the Szlachtowa Fm. (sec tion A); B – shaly fa cies of the up per most part of the Szlachtowa Fm. (sec tion A); C –
level of green radiolarites and py rite framboids at the base of light pelitic spotted lime stone (CKH; sec tion A); D – light pelitic spotted lime stones (sec tion
A); E – bound ary of the mas sive grey and green mudstones (Opaleniec Fm.) and green and black shales (CKH) with the Malinowa Shale Fm. (sec tion B)
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Fig. 7. Typ i cal lithofacies of the left confluence up per sec tion of the Sztolnia Stream (sec tions C)
A – bound ary black shales (CKH) and red shales of the Malinowa Shale Fm. mid dle sec tion of the Sztolnia Stream, left bank; B – black and grey green ish
shales CKH, left confluence of Sztolnia Stream; C, D – black and dark grey mas sive shale of CKH; E – spotted lime stones and black shales (CKH); F –
grey and red dish mudstones of the Malinowa Shale Fm.
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Fig. 8. Typ i cal lithofacies of the Krupianka, Grajcarek and the Sielski Stream sec tions
A – thin-bed ded “black flysch” of the Szlachtowa Fm., lower sec tion of the Krupianka Stream; B – thick-bed ded micaceous
sand stones with in ter ca la tions of black shale and mudstone of the up per part of the Szlachtowa Fm. (WP 215); C – red and
green radiolarites and white pelitic lime stones (CKH) at the base of the Malinowa Shale Fm. (Turonian–Campanian), WP
217–218, lo ca tion as above; D – dark grey micaceous mudstones with in ter ca la tions of cherry-red mudstones with as sem -
blage of Albian fominifera, up per most part of the Szlachtowa/Opaleniec for ma tions, right bank of the Grajcarek Stream
sec tion at Szlachowa, WP 357; E – red and green radiolarites with in ter ca la tions of red shale (CKH) at the base of the
Jarmuta Fm. (Maastrichtian–Paleocene), the in let of the Sielski Stream to the Grajcarek Stream at Szlachowa, WP 370–374; 
F – red and green radiolarite with in ter ca la tion of red shale; G – pelitic lime stones; H – con glom er ates of the Jarmuta Fm.
(Maastrichtian–Paleocene), lo ca tions as above
and 50 cm of spot ted lime stones at the base, ca. 15 m of the
Cenomanian Key Ho ri zon (see Hulina For ma tion,
Birkenmajer, 1977), which could be cor re lated also with the
Barnasiówka Radiolarian Shale For ma tion (B¹k et al., 2001;
B¹k, 2011). The CKH se quence con tains ca. 3 m of green and
black brown non-cal car e ous shales, with thin in ter ca la tions
(1–2 cm) of black chert (radiolarite?), and 12 m of grey green -
ish, celadon and black spot ted, shales, lo cally with manganeous 
coat ings. The Hulina sec tion was sam pled by us in 2007 (see
Wójcik-Tabol and Oszczypko, 2010, 2012). 
GRAJCAREK STREAM SECTIONS AT SZLACHTOWA
In the Grajcarek Stream at Szlachtowa, in the up per most
part of the Szlachtowa Fm., we have found and sam pled dark
grey mudstones with thin in ter ca la tions of cherry-red shale
(WP 357; Fig. 8D). At the mouth of the Sielski Stream the
black flysch of the Szlachtowa lithofacies is in con tact with red
and green radiolarites up to 1 m thick, with in ter ca la tions of red
shale (sam ple WP 370–375 and WP 943). The radiolarites are
over lain by spot ted lime stones up to 4 m thick, and are vis i ble
on the right bank of the Grajcarek Stream (Figs. 1B and 8E–H). 
At the top of the lime stones, a 5–10 cm layer of washed-away
red shales of the Malinowa Fm., fol lowed by the basal por tion
of the Jarmuta con glom er ates, can be ob served. The Jarmuta
con glom er ates are com posed of peb bles and cob bles both of
the PKB and of ex otic ma te rial as well as clasts of the
Malinowa red shale and cherty lime stone (WP 943).
BIOSTRATIGRAPHY
MATERIAL AND METHODS 
Biostratigraphical stud ies have been car ried out on 71 sam -
ples col lected dur ing 2006–2011 for foraminiferal stud ies.
Apart from these, some thin sec tions have also been stud ied.
The sam ples were col lected from the Wronine, Szlachtowa,
Opaleniec, CKH and Malinowa for ma tions in the fol low ing
sec tions: Zabaniszcze (18 sam ples), Sztolnia A (8 sam ples), B
(7 sam ples), C (7 sam ples), Krupianka (10 sam ples), Hulina
(11 sam ples) and 10 sam ples in the dis persed points of the area
stud ied, marked by GPS way points (WP) (Fig. 1B; Ta ble 2).
Most of these sam ples were de void of foraminifera or con tain
only traces of microfossils. The con tro versy con cern ing the age 
of “black flysch” arose af ter the stud ies of Sikora and Blaicher
(Sikora, 1962; 1971a, b; Blaicher, 1973) and that is why we
have de cided to re-ex am ine Blaicher’s ar chived ma te rial. The
sam ples (78) in ves ti gated by Blaicher were col lected from the
same out crops as ours and they are stored in the Ar chives of the
PGI-NRI. The re sults of these re-ex am i na tion stud ies are
briefly com mented on while orig i nal Blaicher’s re sults are pro -
vided in Ap pen di ces 1–4  (sup ple men tary file*).
When ever pos si ble, 400 g of col lected rock was care fully
washed be fore fur ther pro cess ing. Sam ples were disaggregated 
by re peated boil ing and freez ing us ing so dium bi car bon ate so -
lu tion, and then washed over a 63 mm screen and dried. Some
of the sam ples were de void of foraminifera, the oth ers con tain
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Fig. 9. Cross-sec tion along the SW slope of Hulina Hill (based on Birkenmajer, 1977, re in ter preted)
SzF – Sztolnia Fm.,  MSF – Malinowa Fm.,  JF – Jarmuta Fm.
*
 Supplementary files are available on website: www.gq.pgi.gov.pl
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Lithostratigraphy Wr. Szlachtowa Fm. Opaleniec Fm. CKH
Samples
baZ
01/01 . baZ
01/9 . tzS
10/41 . tzS
10/81 .
713 P
W
tzS
W
B evoba 
B . tzS
60/71 . tzS
60/61 . lu
H
70/04 . lu
H
70/93 . tzS
60/3 . tzS
60/9 . tzS
10/03 . tzS
60/11 . tzS
60/91 . tzS
60/8 . lu
H
70/33 . lu
H
70/23 . lu
H
70/63 .
Micro fauna Early Cretaceous–Albian Albian–Cenomanian
Bathysiphon sp.            x x x   x   
Nothia sp.           x         
Rhabdammina sp.  x      x  x       x   
Rhizammina indivisa    x         x       
Rhizammina sp.  x   x x x x x x x x  x x  x   
Psammosphaera sp.  x  x x x              
Saccammina aff. crespinae       x             
Hyperammina gaultina  x         x   x      
Hyperammina sp.  x   x x x x       x     
Jaculella depressa  x     x    x x x    x   
Ammodiscus cretaceus          x          
Ammodiscus siliceus            x        
Ammodiscus tenuissimus             x       
Ammodiscus sp.          x       x   
Glomospira charoides          x          
Glomospira gordialis x   x    x x  x x x x x x x x  
Glomospira irregularis    x                
Glomospirella gaultina x                   
Glomospirella sp.                  x  
Kalamopsis grzybowskii  x        x       x   
Pseudonodosinella troyeri        x x           
Caudammina crassa x         x          
Caudammina ovula   x                 
Cribrostomoides nonioninoides   x     x x x       x   
Haplophragmoides cf. concavus           x         
Haplophragmoides kirki              x      
Haplophragmoides div. sp. x x     x x  x x    x  x   
Ammosphaeroidina sp.              x  x  x  
Recurvoides div. sp.             x       
Thalmannammina sp.         x x    x      
Bulbobaculites sp.        x  x x x x x x  x   
Ammobaculoides carpathicus  x  x x x              
Textulariopsis sp.     x               
Plectorecurvoides sp.        x x x          
Pseudobolivina sp.          x       x   
Trochammina
(Ammogloborotalia) abrupta    x   x x   x x  x x  x   
Trochammina aff. quinqueloba       x             
Trochammina cf. vocontiana  x                  
Trochammina sp.   x      x x          
Verneuilinoides neocomiensis   x x                
Verneuilinoides sp.   x     x      x x     
Gaudryina sp. x                   
Gaudryinella sp.                 x   
Tritaxia cf. gaultina          x          
Tritaxia sp.        x x           
Praedorothia sp.            x      x  
T a  b l e  3
Dis tri bu tion of foraminifera in the Wronine, Szlachtowa, Opaleniec for ma tions and CKH 
var ied amounts. Foraminiferal ex am i na tion was per formed on
the spec i mens picked from the >125 mm frac tion as the smaller
frac tion was al most de void of iden ti fi able taxa. The num ber of
spec i mens, spe cies di ver sity and states of pres er va tion var ied
from sam ple to sam ple. Pro cess ing of sam ples was per formed
both in the micropalaeontological labaratories of the In sti tute
of Geo log i cal Sci ences of the Jagiellonian Uni ver sity and the
Carpathian Branch of the PGI-NRI. Some of the sam ples were
di vided into two parts and si mul ta neously pro cessed in both
lab o ra to ries. Char ac ter is tic spe cies of foraminifera were pho to -
graphed us ing the SEM in the In sti tute of Geo log i cal Sci ences
at the Jagiellonian Uni ver sity.
Up dated age des ig na tions of foraminifera iden ti fied by J.
Blaicher were based on: Geroch and Nowak (1984), Riegraf
and Luterbacher (1989a, b), Nagy et al. (1990), Kaminski et al. 
(1992), Neagu and Neagu (1995), Holbourn and Kaminski
(1997), Nagy and Basov (1998), Oszczypko et al. (2004) and
Kaminski et al. (2008).
RESULTS 
ZABANISZCZE (FIGS. 1B AND 4C, D) 
Manganiferous radiolarites (Sokolica Radiolarite Fm.)
The low est sam ples were col lected from the green ish shales 
be low cherty lime stones. Wa ter-pro cessed sam ples (WP 485;
Fig. 4C, D) yielded rich radiolarian as sem blages with an ad -
mix ture of ag glu ti nated foraminifera. Scarce rep re sen ta tives of
Verneuilinoides cf. graciosus, Hyperammina sp. and
Trochammina sp. were found.
Cherty lime stones (Pieniny Lime stone Fm.)
A thin sec tion from the lime stone (WP 487) al lowed for
pre cise strati graphic des ig na tion due to nu mer ous rep re sen ta -
tives of the cal car e ous dinocyst Parastomiosphaera malmica
Borza in di cat ing the up per part of the Early Tithonian
Parastomiosphaera malmica Zone (Rehakova, 2000). This re -
sult con firms ear lier age de ter mi na tion (Nowak, 1971;
Obermajer, 1986).
Wronine Fm.
The dark cal car e ous shales yielded poor as sem blages of ag -
glu ti nated and cal car e ous foraminifera (Ta ble 3), among oth -
ers: Hyperammina cf. gaultina, Trochammina cf. neocomiana,
and Dentalina aff. nana known from the Early Cre ta ceous. The 
re sults agree with ear lier data of Blaicher (1973).
Sam ple 10/10 yielded a mixed as sem blage of ag glu ti nated
and cal car e ous foraminifera, poorly pre served (Fig. 4C, D).
The fol low ing taxa have been rec og nized: Glomospira
gordialis, Glomospirella gaultina, Caudammina crassa
(Fig. 11A), Gaudryina sp., Gyroidinoides sp. and in di vid ual
spec i mens of Lenticulina ac com pa nied by pyritized moulds of
radio lar ians. 
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Lithostratigraphy Wr. Szlachtowa Fm. Opaleniec Fm. CKH
Samples
baZ
01/01 . baZ
01/9 . tzS
10/41 . tzS
10/81 .
713 P
W
tzS
W
B evoba 
B . tzS
60/71 . tzS
60/61 . lu
H
70/04 . lu
H
70/93 . tzS
60/3 . tzS
60/9 . tzS
10/03 . tzS
60/11 . tzS
60/91 . tzS
60/8 . lu
H
70/33 . lu
H
70/23 . lu
H
70/63 .
Micro fauna Early Cretaceous–Albian Albian–Cenomanian
Dorothia oxycona                  x  
Dorothia sp.       x  x        x   
Trocholina sp.       x             
Superfamily Nodosariacea x x x x   x x x   x x x x x x   
Heterohelix sp.       x             
Planomalina sp. x                   
Hedbergella indet.           x       x  
Whiteinella sp.                  x  
Praeglobotruncana sp.           x         
Rotaliporids indet.       x           x  
Globotruncana sp.               x     
Marginotruncana sp.           x    x     
Gyroidinoides infracretaceus         x           
Gyroidinoides div. sp. x x
Gavelinella sp. x
Radiolaria moulds x x x x x x x x x x
Sponge spicules x x x x
Echinodermata spicules x
Crinoid el e ments x
Ostracoda x x x
Wr. – Wronine For ma tion
Tab. 3 cont.
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Fig. 10. Mi cro pho to graphs of ag glu ti nated foraminifera of the Szlachtowa (Sztolnia) and Opaleniec for ma tions (spec i mens se lected 
by B. Olszewska from re cent sam ples (WP) from the Zabaniszcze and Krupianka sec tion and archived as sem blages of J. Blaicher (16/68))
A – Hyperammina sp., side view, Szlachtowa Fm., WP 490; B – Jaculella depressa Vašièek, side view, Szlachtowa Fm., Zab. WP 490a; C –
Haplophragmoides canuiformis Dain, side view, Szlachtowa Fm., Zab. WP 490; D – Ammobaculites cf. praegoodlandensis Bu³ynnikova, ini tial part,
Szlachtowa Fm., Zab. WP 490a; E – Eomarssonella paraconica Levina, side view, Szlachtowa Fm., WP 490; F – Trochammina parviloculata Gerke and
Scharovskaya, um bil i cal side, Szlachtowa Fm., Zab. WP 489; G – Trochammina cf. canningensis Tappan, um bil i cal side, Szlachtowa Fm., Zab. WP 489; H –
Trochammina cf. canningensis Tappan, spi ral side, Szlachtowa Fm., Zab. WP 489; I – Trochammina cf. topagorukensis Tappan, spi ral side, Szlachtowa Fm.,
Zab. WP 489; J – Trochammina cf. septentrionalis Scharovskaya, spi ral side, Szlachtowa Fm., Zab. 12/68; K – Verneuilinoides graciosus Kosyreva, side
view, Szlachtowa Fm., Zab. 16/68; L – Trochammina parviloculata Gerke and Scharovskaya, um bil i cal side, Szlachtowa Fm., Zab. 23/39; M – Trochammina
(=Ammogloborotalia) abrupta Geroch, spi ral side, Szlachtowa Fm., Sztolnia A, 8/69; N – Trochammina (=Ammogloborotalia) abrupta Geroch, um bil i cal
side, Szlachtowa Fm., Sztolnia A, 8/69; O – Ammobaculoides carpathicus Geroch, uniserial part, Szlachtowa Fm., Sztolnia A, 8/69; P – Thalmannammina
anastasiui Neagu, side view, Szlachtowa Fm., Sztolnia A, 7/69; Q – Bulbobaculites elongatulus Dain, edge view, Szlachtowa Fm., Sztolnia A, 8/69; R –
Verneuilinella carpathica Neagu and Neagu, side view, Szlachtowa Fm., Krup. 139 802; S – Verneuilinoides graciosus Kosyreva, side view, Szlachtowa Fm., 
Krup. WP 215b; T – Pseudonodosinella troyeri Tappan, side view, Opaleniec Fm., Sztolnia B, 8/71; scale bar = 100 mm
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Fig. 11. Mi cro pho to graphs of char ac ter is tic ag glu ti nated foraminifera from the Wronine, Szlachtowa and Opaleniec for ma tions
 (spec i mens se lected by E. Malata)
A – Caudammina crassa (Geroch), Wronine Fm., Zab. 10/10; B – Rhizammina sp., Szlachtowa Fm., Zab. 9/10; C – Hyperammina gaultina Ten Dam,
Szlachtowa Fm., Zab. 9/10; D – Ammobaculoides carpathicus Geroch, Szlachtowa Fm., Zab. 9/10; E – Ammobaculoides carpathicus Geroch, Szlachtowa
Fm., Zab. 9/10; F – Ammobaculoides carpathicus Geroch, Szlachtowa Fm., Zab. 9/10; G – ?Textulariopsis sp. Szlachtowa Fm., WP 317; H – Jaculella
depressa (Vašièek), Opaleniec Fm., Szt. 9/06; I – Trochammina (=Ammogloborotalia) abrupta Geroch (um bil i cal side), Opaleniec Fm., Szt. 9/06; J –
Trochammina (=Ammogloborotalia) abrupta Geroch (spi ral side), Opaleniec Fm., Szt. 9/06; K – Trochammina (=Ammogloborotalia) abrupta Geroch,
Opaleniec Fm., Szt. 9/06; L – Verneuilinoides sp., Opaleniec Fm., Szt. 9/06; M – Bulbobaculites sp., Opaleniec Fm., Szt. 9/06; N – Cribrostomoides
nonioninoides (Reuss), CKH, Hul. 33/07; O – Jaculella depressa (Vašièek), CKH, Hul. 33/07; P – Jaculella depressa (Vašièek), CKH, Hul. 33/07; Q –
Bulbobaculites sp., CKH, Hul. 33/07; scale bar = 100 mm
Szlachtowa Fm.
Sam ples WP 489, 490 (Fig. 4C, D) con tained, spe cif i cally
sim i lar, as sem blages of ag glu ti nated foraminifera, py rite
moulds of radio lar ians, and sponge spicules. The foraminiferal
as sem blage in cluded: Hyperammina sp. (Fig. 10A), Jaculella
depressa (Fig. 10B), Ammobaculites cf. praegoodlandensis
(Fig. 10D), Eomarssonella paraconica (Fig. 10E, WP 490),
Ammobaculoides carpathicus, Haplophragmoides
canuiformis (Fig. 10C), Trochammina cf. topagorukensis
(Fig. 10I), T. parviloculata (Fig. 10F), T. cf. canningensis
(Fig.10G, H), Verneuilinella carpathica and Verneuilinoides
cf. graciosus. The spe cific com po si tion of the as sem blages is
sim i lar to those from the ar chived ma te rial from the same sec -
tion (see Ap pen dix 1). 
The ag glu ti nated taxa Rhizammina sp. (Fig. 11B),
Hyperammina gaultina (Fig. 11C), Hyperammina sp.
Rhabdammina sp., Kalamopsis grzybowskii dom i nate the as -
sem blage from sam ple 9/10 (Fig. 4C, D and Ta ble 3). The spe -
cies Jaculella depressa and Ammobaculoides carpathicus
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Lithostratigraphy Malinowa For ma tion
Samples
tzS
70/50/1 . tzS
60/7 .
222 P
W
141 P
W
tzS
60/41 . baZ
01/2 . lu
H
70/14 . lu
H
70/13 . tzS
70/32 . lzS
42 P
W .
Micro fauna Turonian Con–S C
Bathysiphon sp.          x
Nothia excelsa  x x x x x x   x
Nothia robusta          x
Rhabdammina sp.       x   x
Rhizammina sp.  x   x x    x
Placentammina pla centa       x   x
Ammodiscus cretaceus     x x x   x
Ammodiscus peruvianus          x
Ammodiscus siliceus  x         
Glomospira charoides     x x x    
Glomospira gordialis  x x x   x x x x
Glomospira irregularis  x x   x     
Subreophax sp.  x         
Pseudonodosinella troyeri     x      
Caudammina gigantea       x   x
Caudammina ovula x      x    
Cribrostomoides sp.          x
Haplophragmoideds
bulloides  x         
Haplophragmoides kirki     x    x  
Haplophragmoides sp.  x x  x x x    
Labrospira pacifica       x    
Praesphaerammina sp.      x     
Paratrochamminoides div.
sp.  x    x x x x  
Trochamminoides
grzybowskii          x
Ammosphaeroidina
pseudopauciloculata   x     x   
Recurvoides div. sp.  x   x x x x x x
Thalmannammina
subturbinata      x x    
Thalmannammina sp.    x     x  
Bulbobaculites
problematicus   x x       
Spiroplectammina
praelonga   x        
Spiroplectam.
subhaeringensis x       x   
Spiroplectinella costata      x x    
Plectorecurvoides sp.   x    x  x  
Trochammina cf.
umiatensis       x    
Trochammina
globigeriniformis  x   x     x
Trochammina
globolaevigata x          
Trochammina sp.     x      
Karrerulina conversa          x
T a  b l e  4
Dis tri bu tion of foraminifera in the Malinowa Shale Fm. 
(ac cord ing to E. Malata)
Lithostratigraphy Malinowa For ma tion
Samples
tzS
70/50/1 . tzS
60/7 .
222 P
W
141 P
W
tzS
60/41 . baZ
01/2 . lu
H
70/14 . lu
H
70/13 . tzS
70/32 . lzS
42 P
W .
Micro fauna Turonian Con–S C
Gerochammina lenis    x  x x    
Gerochammina obesa     x  x    
Gerochammina stanislawi  x  x       
Uvigerinammina jankoi   x x x x x    
Tritaxia amorpha x          
Tritaxia gaultina x  x     x x  
Tritaxia subparisiensis     x  x  x  
Tritaxia sp. x   x x x x  x  
Arenobulimina sp.       x    
Remesella sp. x       x   
Dorothia crassa   x    x    
Dorothia oxycona        x   
Lenticulina  sp. x          
Astacolus sp.  x         
Whiteinella sp. x          
Praeglobotrunca sp. x          
Rotalipora sp.  x         
Contusotruncana fornicata     x      
Globotruncana linneiana       x    
Globotruncanita
stuartiformis       x    
Globotruncanita sp.       x    
Pleurostomella cf.
subnodosa x          
Pleurostomella sp. x          
Allomorphina sp. x          
Charltonina sp. x          
Gyroidinoides div. sp. x       x   
Radiolaria moulds        x   
Con–S – Coniacian–Santonian, C – Campanian
(Fig. 11D–F) are stratigraphically im por tant el e ments of this
as sem blage. There are also some spec i mens iden ti fied as
Trochammina cf. vocontiana, though their state of pres er va tion 
is so bad that this iden ti fi ca tion is un cer tain. Apart from ag glu -
ti nated foraminifera there are also cal car e ous spe cies rep re sent -
ing the Nodosariacea as well as pyritised moulds of radiolaria,
sponge spicules and some ostracods.
Malinowa Shale Fm.
Sam ple 2/10 (Fig. 4A) yielded an ag glu ti nated as sem blage
with the char ac ter is tic spe cies Uvigerinammina jankoi (Ta ble 4).
SZTOLNIA SECTION A
Szlachtowa Fm.
The sam ples from this for ma tion gen er ally con tain very
poor as sem blages. In sam ple 17/06 (Fig. 5) the tu bu lar
morphotypes Rhizammina sp. and Hyperammina sp. are dom i -
nant ac com pa nied by rare spec i mens of Jaculella depressa,
Trochammina (= Ammogloborotalia) abrupta and Dorothia
subtrochus (Ta ble 3). A few spec i mens of Lenticulina and an
ad mix ture of Up per Cre ta ceous plank tonic forms (e.g.,
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Fig. 12. Mi cro pho to graphs of char ac ter is tic ag glu ti nated foraminifera of the Malinowa Shale Fm. (spec i mens se lected by E. Malata)
A – Gerochammina stanislawi Neagu, Szt. 7/06; B – Bulbobaculites problematicus (Neagu), WP 141; C – Uvigerinammina jankoi Majzon, WP 222; D –
Tritaxia gaultina (Morozova), Hul. 31/07; E – Tritaxia sp., Hul. 41/07; F – Tritaxia amorpha (Cushman), Szt. 1/05/07; G – Spiroplectinella costata
(Huss), Hul. 41/07; H – Tritaxia subparisiensis (Grzybowski), Hul. 41/07; I – Dorothia oxycona (Reuss), Hul. 31/07; J – Spiroplectammina
subhaeringensis (Grzybowski), Hul. 31/07; K – Gerochammina lenis (Grzybowski), WP 222; L – Haplophragmoide bulloides (Beissel), Szt. 7/06; M –
Trochammina globolaevigata Beck mann, Szt. 1/05/07; N – Caudammina gigantea (Geroch), WP 24; O – Caudammina ovula (Grzybowski), WP 24; P –
Ammodiscus cretaceus (Reuss), WP 24; scale bar = 100 mm
rotaliporids indet., Heterohelix sp.) as well as sponge spicules
and py rite radiolarian moulds are also pres ent.
Opaleniec Fm.
In sam ple 3/06 (Fig. 5) ag glu ti nated foraminifera are rep re -
sented by long-rang ing Nothia sp., Rhizammina sp.,
Hyperammina gaultina, and Glomospira gordialis. Jaculella
depressa and Trochammina (=Ammogloborotalia) abrupta are 
stratigraphically more im por tant spe cies in this as sem blage.
The form des ig nated as Bulbobaculites sp. has been no ticed in
most as sem blages from this for ma tion. The spec i mens of this
taxon are usu ally bro ken, so spe cies de ter mi na tion is gen er ally
im pos si ble. Radiolarian moulds and a few spec i mens of Late
Cre ta ceous plank tonic foraminifera, vary ing in col our, have
been also no ticed (Ta ble 3). 
Sam ple 16/06 (Fig. 5) yielded a less nu mer ous as sem blage
with in di vid ual spec i mens of Pseudonodosinella troyeri,
Cribrostomoides cf. nonioninoides and Plectorecurvoides sp.
apart from the char ac ter is tic com po nent Trochammina
(=Ammogloborotalia) abrupta and Bulbobaculites sp.
Radiolarian moulds and a few spec i mens of Lenticulina have
been also found (Ta ble 3). 
SZTOLNIA SECTION B
Opaleniec Fm.
In sam ple 9/06 Jaculella depressa, Trochammina
(=Ammogloborotalia) abrupta and Bulbobaculites sp. are
char ac ter is tic ag glu ti nated com po nents of the foraminiferal as -
sem blage (Fig. 11H, I–K, M) while the cal car e ous foraminifera 
are rep re sented by nodosarids. Apart from foraminifera there
are el e ments of cri noids, echinoids and some ostracods. Two
spec i mens of Paleogene plank tonic foraminifera have been
also no ticed (Ta ble 3).
The as sem blage from sam ple 11/06 is sim i lar in the over all
char ac ter to the one de scribed above. Be sides Trochammina
(=Ammogloborotalia) abrupta and Bulbobaculites sp. there are 
Haplophragmoides kirki, Ammosphaeroidina sp., Thalman -
nammina sp. and Verneuilinoides sp. The cal car e ous rep re sen -
ta tives of nodosarids are rel a tively nu mer ous with Lenticulina
ouachensis among them. Some ostracods and abun dant cal ci -
fied radiolarian moulds are also pres ent (Ta ble 3). 
Cenomanian Key Ho ri zon 
Sam ple 8/06 (Fig. 5) con sists of nu mer ous radiolarian
moulds and in di vid ual spec i mens of non-char ac ter is tic ag glu ti -
nated foraminifera such as Glomospira gordialis and
Ammosphaeroidina sp. and some nodosarids. In most sam ples
from this unit there are only radiolarian moulds in var i ous
states of pres er va tion (Ta ble 3). 
Malinowa Shale Fm.
A mixed as sem blage has been re cov ered from sam ple
1/05/07 (Ta ble 4). The ag glu ti nated com po nent con sists of
Caudammina ovula, Trochammina globolaevigata (Fig. 12M)
and of a few taxa whose char ac ter is tic fea ture is the cal car e ous
ce ment. These are Spiroplectammina subhaeringensis,
Tritaxia amorpha (Fig. 12F), T. gaultina and Remesella sp.
Apart from these ag glu ti nated forms there are also some cal car -
e ous foraminifera, both, ben thic and plank tonic. Plank tonic
ones are rep re sented by in di vid ual spec i mens of poorly pre -
served Praeglobotruncana and rotaliporids. The strati graphic
ranges of the above-men tioned spe cies sug gest a Turonian or
Turonian/Coniacian age (Gawor-Biedowa et al., 1984; Bolli et
al., 1994). 
Sam ple 7/06 yielded a rel a tively poor as sem blage with ag -
glu ti nated taxa such as Ammodiscus siliceus, Glomospira
gordialis, G. irregularis, Paratrochamminoides div. sp,
Haplophragmoides bulloides (Fig. 12L) Recurvoides div. sp.,
Trochammina globigeriniformis and Gerochammina
stanislawi (Fig. 12A). There are also in di vid ual spec i mens of
Astacolus and rotaliporids (Ta ble 4).  
The foraminiferal as sem blage re cov ered from sam ple
14/06 (Fig. 5) is dom i nated by ag glu ti nated taxa with the char -
ac ter is tic spe cies Uvigerinammina jankoi and Tritaxia
subparisiensis. A sin gle spec i men of Contusotruncana
fornicata was also found. The over lap ping ranges of these  taxa
in di cate a Coniacian–Santonian age for the as sem blage
(Gawor-Biedowa et al., 1984). 
SZTOLNIA SECTION C 
Cenomanian Key Ho ri zon
Sam ple 19/06 (Fig. 5) yielded an as sem blage dom i nated by
cal car e ous nodosarids, mainly Lenticulina, with some ag glu ti -
nated taxa such as Trochammina (=Ammogloborotalia)
abrupta and Bulbobaculites sp. A few spec i mens of badly pre -
served Late Cre ta ceous plank tonic foraminifera have also been
re cov ered (Ta ble 3).
KRUPIANKA STREAM SECTION
Szlachtowa Fm. 
Three thin sec tions (Fig. 2; WP 215a, b, 216) of the sub di vi -
sion were ex am ined for microfossils. Micaceous mudstones
(WP 215a, b) con tained a poor as sem blage of foraminifera:
Verneuilinoides graciosus (Fig. 10S), Trochammina cf.
neocomiana, Spirillina sp., Trocholina sp. of
Kimmeridgian–Tithonian char ac ter. 
The pres ence of these forms in sand stones ad di tion ally ex -
cludes a Mid dle Ju ras sic age for the Szlachtowa Fm., as pos tu -
lated by Birkenmajer and Pazdro (1968) and Birkenmajer
(1977).
Cenomanian Key Ho ri zon
A thin sec tion (Fig. 2; WP 218) was made from the cherty
lime stone. The microfossil as sem blage was char ac ter ized by
the pres ence of the rare cal car e ous dinocysts Colomisphaera
cf. cieszynica Nowak, C. vogleri (Borza) and nannoconids. The 
nannoconids per mit cor re la tion of the as sem blage with those
de scribed by Nowak (1971) and Obermajer (1986) from sim i -
lar lithologies of Valanginian–Hauterivian age. Com par i son
with the other sec tions sug gests a Cenomanian age as a pos si ble 
in ter pre ta tion and the redeposition of the older microfossils
(dinocysts).
HULINA SECTION (FIGS. 1B AND 9) 
Opaleniec Fm.
The ag glu ti nated com po nent of the as sem blages con sists of
Rhizammina sp., Ammodiscus cretaceus, Glomospira gordialis
and Cribrostomoides nonioninoides. In sam ple 39/07
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Caudammina crassa and Haplophragmoides falcatosuturalis
have been found as well as some radiolarian moulds (Ta ble 3).
Sam ple 40/07 con tains also Pseudonodosinella troyeri and cal -
car e ous Gyroidinoides infracretaceus as well as some spec i -
mens of Lenticulina. 
Cenomanian Key Ho ri zon
There are only radiolarian moulds pres ent in most sam ples
from this for ma tion. Sam ple 33/07 yielded a microfossil as -
sem blage sim i lar in char ac ter and com po si tion to that of the
Opaleniec Fm. with the ag glu ti nated taxa Jaculella depressa
(Fig. 11O, P) Trochammina (=Ammogloborotalia) abrupta,
Bulbobaculites sp. (Fig. 11Q) and a sin gle spec i men of Cribro -
stomoides nonioninoides (Fig. 11N). There are also some
nodosarids, radiolarian moulds and sponge spicules (Ta ble 3).
Sam ple 32/07 con tains a less abun dant as sem blage, dif fer -
ent in spe cies com po si tion, with ag glu ti nated foraminifera such 
as Glomospirella sp., Glomospira gordialis, Trochammina cf.
wetteri and Dorothia oxycona. Cal car e ous ben thic
foraminifera are rep re sented by Gyroidinoides div. sp.,
Gavellinella sp. There are also a in di vid ual spec i mens of
plank tonic gen era such as Hedbergella sp., Whiteinella sp. and
rotaliporids. Radiolarian moulds are nu mer ous (Ta ble 3). 
Malinowa Shale Fm. 
Sam ple 31/07 con tains an as sem blage with ag glu ti nated
spe cies which dis play cal car e ous ce ment such as
Spiroplectammina subhaeringensis (Fig. 12J), Tritaxia
gaultina (Fig. 12D) and Dorothia oxycona (Fig. 12I). The
strati graphic ranges of these taxa in di cate a
Coniacian–Santonian age for this as sem blage (Gawor-Bie -
dowa et al., 1984).
Sam ple 41/07 yielded a di verse as sem blage with ag glu ti -
nated in dex taxa of two or even three zones dis tin guished in the 
Pol ish Outer Carpathians (Olszewska, 1997) rep re sent ing the
Turonian–Campanian time span. There are Uvigerinammina
jankoi, Spiroplectinella costata (Fig. 12G) and Caudammina
gigantea. A few spec i mens of plank tonic foraminifera such as
Globotruncana linneiana and Globotruncanita stuartiformis
have been also found (Ta ble 4). 
GRAJCAREK STREAM AT SZLACHTOWA AND OTHER ADJACENT SITES
Szlachtowa Fm.
Tu bu lar morphotypes of the ag glu ti nated foraminifera
Rhizammina sp. and Hyperammina sp. are the main com po -
nents of the poor as sem blage from sam ple WP 317 (Figs. 1B
and 2; Ta ble 2). How ever, a few spec i mens of
Ammobaculoides carpathicus and very poorly pre served form
of ?Textulariopsis sp. (Fig. 11G) are worth men tion ing. Apart
from foraminifera sponge spicules are also pres ent (Ta ble 3).
Sam ples WP 357/2–3 (Fig. 1B and Ta ble 2) from dark grey
shales with red in ter ca la tions (Szlachtowa lithofacies), sam -
pled on the right bank of the Grajcarek Stream in Szlachtowa,
re vealed the pres ence of Thalmannammina subturbinata,
Ammosphaeroidina pseudopauciloculata and Parathalman -
ninella appenninica in di cat ing a Late Albian–Early
Cenomanian age for the as sem blage
At the mouth of the Sielski Stream, red shales (sam ple WP
370) yielded a typ i cal poor foraminiferal as sem blage com -
posed of Bathysiphon sp., Nothia excelsa, Hedbergella
planispira and rare radio lar ians. The age of the as sem blage is
Late Cre ta ceous (prob a bly not youn ger than Turonian). The
spot ted lime stones (sam ple WP 943) yielded a rich nannoconid
as sem blage with Nannoconus aff. minutus Brönnimann
(Hauterivian–Cenomanian). 
Malinowa Shale Fm.
Sam ples: Szlachtowa, Sielski Stream, Jaworki, WP 222/444
and Kamionka Stream, WP 141 (Fig. 1B and Ta ble 2) con tained
only ag glu ti nated foraminifera with the char ac ter is tic spe cies
Bulbobaculites problematicus (Fig. 12B), and Uvigerinammina
jankoi (Fig. 12C) whose over lap ping ranges fall within the
Turonian–Coniacian (Geroch and Nowak, 1984).
The as sem blage from sam ple WP 24 rep re sents a typ i cal
ag glu ti nated as sem blage with Caudammina gi gan tean
(Fig. 12N).
RE-EXAMINATION OF THE J. BLAICHER ARCHIVED COLLECTION
Pre vi ous micropalaeontological in ves ti ga tions were car ried 
out by the late Olga Pazdro (Pol ish Acad emy of Sci ences
Warszawa) and Jadwiga Blaicher (PGI Kraków). These au -
thors, while study ing sam ples from the same sec tions, gave dif -
fer ent age de ter mi na tions. Pazdro (1979) based her age di ag no -
ses (Mid dle Ju ras sic) on the cal car e ous foraminifera whereas
Blaicher (1973) sug gested an Early Cre ta ceous age based on
as sem blages of ag glu ti nated forms. How ever, it should be em -
pha sized, that the for mer au thor re ported also Cre ta ceous rep -
re sen ta tives of the fam ily Nodosariidae (Pazdro, 1979). Age
con tro versy still per sists re gard less of the new biostratigraphic
data from stud ies of foraminifers, cal car e ous nannoplankton
(Oszczypko et al., 2004) and or ganic dinocysts (Birkenmajer et 
al., 2008; Gedl, 2008a, b). 
The orig i nal ma te rial (washed res i dues of sam ples and
foraminiferal as sem blages) stud ied by J. Blaicher in four ar -
chived sec tions were the sub ject of the micropalaeontological
re-ex am i na tions, per formed by B. Olszewska: Zabaniszcze,
Sztolnia A, B and Krupianka streams. The orig i nal Blaicher’s
data are pro vided in Ap pen di ces 1–4. Only new taxa iden ti fied
in re-ex am ined as sem blages are re ported be low.
Ac cord ing to J. Blaicher, the Szlachtowa and Opaleniec
.for ma tions are of Early Cre ta ceous age while the radiolarian
shales, and radiolarites (CKH) and var ie gated shales of the
Malinowa Fm. be longs to the Late Cre ta ceous. 
Wronine Fm.
Re-ex am i na tion of the ar chive fau nal slides from the
Wronine Fm. (Zabaniszcze C) con firmed the tax o nom i cal
iden ti fi ca tions of Blaicher. In the lower part of the for ma tion
the pres ence of Marssonella hauteriviana and Globigerinel -
loides cf. blowi have been con firmed. In the up per part of the
sec tion Gyroidina infracretacea, Hedbergella cf. trocoidea,
Discorbis wassoewizi and Plectorecurvoides alternans were
also found (Ap pen dix 1). 
Szlachtowa Fm. 
The re-ex am ined ar chive ma te rial of the Szlachtowa Fm.
(Zabaniszcze C; sam ples 12/68–24/68) con tained poor as sem -
blages com posed of ag glu ti nated spe cies: Verneuilinella
carpathica, Trochammina cf. septentrionalis (Fig. 10J), T. cf.
topagorukensis, T. cf. squamatiformis, Gaudryina cf. gerkei,
Verneuilinoides cf. graciosus (Fig. 10K), Ammobaculites
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praegoodlandensis. The foraminifera are ac com pa nied by py -
rite moulds of radio lar ians. Sam ple 15/68 con tained an ad mix -
ture of plank tonic rep re sen ta tives of Dicarinella and
rotaliporids. 
The strati graphic dis tri bu tion of ag glu ti nated taxa men -
tioned above (Ta ble 5) shows that the older as sem blage of
foraminifera is of Kimmeridgian–Tithonian age while the
youn gest be longs to the Albian. 
The con tent of ar chive cells from the Sztolnia A sec tion is
very poor and con tains mixed ?Ju ras sic/Early Cre ta ceous–Late
Cre ta ceous foraminifera. Char ac ter is tic is the per sis tent pres -
ence of radio lar ians (Ap pen dix 2). 
Re-ex am i na tion (Ap pen dix 4) of ar chive cells from the
Krupianka sec tion partly con firmed the re sults of ear lier in ves -
ti ga tions. The washed re sid uum of the ar chive sam ple 5/69
yielded rich a as sem blage of the ag glu ti nated spe cies:
Hyperammina sp., Glomospira gordialis, Bulbobaculites
elongatulum, Trochammina cf. rosacea, Verneuilinoides
postgraciosus, Verneuilinella carpathica, Pseudomarssonella
dumortieri, Recurvoides sp., Rumanolina feifeli, Spirillina cf.
elongata, and Lenticulina div.sp. Char ac ter is tic is also the pres -
ence of nu mer ous py rite moulds of radio lar ians. 
Opaleniec Fm. 
Re-ex am ined ar chive cells from the Sztolnia A sec tion con -
tained mixed as sem blages com posed of Ju ras sic, Early–Late Cre -
ta ceous and Paleogene foraminifera. In a few cases (sam ples 9/69,
8/69, 7/69) it was pos si ble to ex am ine the washed re sid uum. 
Sam ple 9/69, apart from the cal car e ous long-lived
Lenticulina muensteri, L. prima, Vaginulinopsis matutinus,
con tained nu mer ous ag glu ti nated taxa, such as Rhizammina
sp., Glomospira gordialis, Ammobaculites sp., Trochammina
cf. annae, T. cf. canningensis, Thalmannammina anastasiui
and nu mer ous radio lar ians. Sam ple 8/69 con tained ex clu sively
ag glu ti nated foraminifera, in clud ing: Ammobaculoides
carpathicus (Fig. 10O), Pseudoreophax cisovnicensis,
Bulbobaculites cf. elongatulus (Fig. 10Q), Trochammina
(Ammogloborotalia) abrupta (Fig. 10M, N), Verneuilinoides
cf. neocomiensis, V. cf. kirillae, Thalmannammina anastasiui,
Spirillina elongata. The foraminifera are ac com pa nied by nu -
mer ous radio lar ians.
Re-ex am i na tion of the res i dues of ar chived sam ples, from
the lower part of the sub di vi sion, sug gests that the old est
foraminiferal as sem blages may not be older than the Late
Kimmeridgian–Tithonian. 
Ex am i na tion of the washed res i due of sam ple 7/69 re vealed 
abun dant radio lar ians and rare (pre dom i nantly ag glu ti nated)
foraminifera. This as sem blage was com posed of: Glomospira
gordialis, Ammodiscus sp., Ammobaculoides carpathicus,
Bulbobaculites cf. elongatulum, Spiroplectammina
ammovitrea, Thalmannammina anastasiui (Fig. 10P),
Verneuilinella carpathica, Astacolus decalvatus, Lenticulina
ex gr. quenstedti. 
The ar chive as sem blages from the lower part of the for ma -
tion in Sztolnia B (Large Wa ter fall) con tained Trochammina
(=Ammogloborotalia) abrupta, Thalmannammina
neocomiensis, Verneuilinoides neocomiensis and some times
nu mer ous Praedorothia ouachensis (sam ple 24a). 
Re-ex am i na tion of the washed res i dues from the ar chive sam -
ples 8/69 and 9/69 (Krupianka sec tion) con firmed the scar city of
foraminifera and the abun dance of radio lar ians (Ap pen dix 4). No
other stratigraphically sig nif i cant spe cies were rec og nized.
Malinowa Shale Fm. 
Re-ex am i na tion of the ar chive cells from the Sztolnia A
sec tion re vealed ad di tion ally the pres ence of
Haplophragmoides herbichi (sam ple 1/68) and
Spiroplectinella costata (sam ple 16/71). 
Stratigraphically sig nif i cant foraminifera iden ti fied by
Blaicher (1973) in the var ie gated beds from the Sztolnia B sec -
Cretaceous (Aptian/Albian-?Cenomanian) age of “black flysch” and adjacent deposits of the Grajcarek thrust-sheets in the Ma³e Pieniny Mts. 433
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Rotaliporids X X
Plectorecurvoides
alternans X X
Marssonella subtrochus X X X
Caudammina crassa X X X X
Lenticulina praegaultina X
Jaculella depressa X X X X X
Falsogaudryinella
tealbyensis X X X
Hyperammina gaultina X X X X X X
Cribrostomoides
nonioninoides X X X X X X
Trochammina vocontiana X X X X X X
Gaudryina gerkei X X
Trochammina
(Ammoglob.) abrupta X X X X X X X X
Ammobaculoides
carpathicus X X X X X X
Trochammina
parviloculata X X
Bulbobaculites
elongatulus X
Ammobaculites
praegoodlandensis X
Trochammina
septentrionalis X
Verneuilinoides
postgraciosus X X
Trochammina rosacea X X
Verneuilinoides graciosus X X
Haplophragmoides
canuiformis X X
Thalmanammina
anastasiui X
Verneuilinella carpathica X
Eomarsonella paraconica X X X
Pseudomarssonella
dumortieri X X X
Spirillina elongata X X X
Trochammina
topagorukensis X X X
Trochammina
minutissima X X
Rumanolina seiboldi X
Paalzowella turbinella X
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Strati graphic oc cur rence of the foraminiferal taxa re cov ered from
the Szlachtowa Fm. (based on the lit er a ture men tioned in the
Biostratigraphy sec tion  in this pa per)
tion in clude Tritaxia gaultina, Uvigerinammina jankoi and
Globotruncana cf. lapparenti tricarinata. They sug gest for the
part of the sub di vi sion stud ied a Turonian–Campanian age
(Gawor-Biedowa et al., 1984; Geroch and Nowak, 1984;
Kaminski et al., 1995)
GEOLOGICAL AGE OF THE FORMATIONS STUDIED 
Based on all avail able data the fol low ing age suc ces sion of
the Grajcarek thrust-sheets in the Ma³e Pieniny Mts. can be
pro posed:
1. Manganiferous radiolarites (Sokolica Radiolarite Fm.;
see Birkenmajer, 1977). A poor foraminiferal as sem blage in -
cluding Verneuilinoides cf. graciosus Kosyreva sug gests a
Kimmeridgian–Early Tithonian age. 
2. Var ie gated radiolarites (Czajakowa Radiolarite Fm;
Birkenmajer, 1977 and later pa pers). The sections examined
thin re vealed ex clu sively abun dant radio lar ians. How ever,
Nowak (1971) recognized, in the up per part of the sub di vi sion,
the cal car e ous dinocyst Parastomiosphaera malmica (Borza),
a zonal marker of the up per part of the lower Tithonian.
3. Red Aptychus marly shales of the Palenica Mb. of the
Czorsztyn Lime stone Fm. (see Birkenmajer, 1977), have not
been sam pled by us. 
4. Cherty lime stones (Pieniny Lime stone Fm.;
Birkenmajer, 1977). Late Barremian or ganic dinocysts have
been de ter mined at the top of for ma tion in the Zabaniszcze sec -
tion B (see Gedl, 2007). 
5. Black shales, spot ted lime stones and black and green ish
spot ted shales (Kapuœnica and Wronine for ma tions;
Birkenmajer, 1977 and later pa pers). In the re vised ma te rial of
J. Blaicher the fol low ing spe cies known only from the Cre ta -
ceous have been found: Gyroidina infracretacea (Morozova)
(= Valvulineria loetterlei Tappan), Gavelinella barremiana
Bettenstaedt, Hedbergella trocoidea (Gandolfi) and Gaudryina
richteri Grabert. The Early Cre ta ceous age of the for ma tions
(Barremian–Albian) was sup ported. Ac cord ing to the dinocyst
de ter mi na tions (Zabaniszcze sec tion B), these for ma tions are of
Late Barremian–Early Aptian age (see Gedl, 2007). 
6. Szlachtowa For ma tion. In the lower part of the sec tion,
Hyperammina cf. gaultina, Trochammina vocontiana,
Marssonella subtrochus and Cribrostomoides aff.
nonioninoides were found, whose to tal strati graphic range is
Berriasian–Albian (Ta ble 5). In the same part, dwarfed spec i -
mens of plank tonic rotaliporids were also no ticed and Blaicher
(1973) re ported the Albian–Turonian spe cies
Plectorecurvoides alternans. How ever, the lat ter spe cies can
be re garded as spe cific con tam i na tion due to tec tonic or other
phe nom ena. Foraminiferal as sem blages rec og nized in the up -
per part of the for ma tion (Sztolnia A, B) con tained
Hyperammina gaultina, Glomospirella gaultina,
Ammobaculoides carpathicus, Trochammina vocontiana and
other taxa. Dur ing re-ex am i na tion the fol low ing spe cies were
aditionally rec og nized: Trochammina (= Ammogloborotalia)
abrupta, Thalmannammina cf. anastasiui. The spe cies T. (=
Ammogloborotalia) abrupta, A. carpathicus and
Verneuilinoides neocomiensis were re garded as re worked by
Malata (in: Oszczypko et al., 2004) in a view of the pres ent
stud ies may be autochthonous com po nents of foraminiferal
fau nas of the Szlachtowa Fm. 
Foraminiferal as sem blages re ported by Blaicher (1973)
from the Szlachtowa Fm. of the ar chive sec tion “Krupianka
Stream” re sem ble those from sec tions “Sztolnia A, B”. 
As sem blages of foraminifera of the Szlachtowa Fm. stud -
ied in “Krupianka Stream” are sim i lar in spe cific compositon to 
as sem blages from the same for ma tion rec og nized by the pres -
ent au thors de scribed above. Tak ing into ac count the to tal
strati graphic ranges of the foraminiferal taxa (Ta ble 5) the pos -
si ble lower age in ter val is Berriasian to Albian–Cenomanian.
How ever, the strati graphic po si tion of the Szlachtowa Fm. sug -
gests an Aptian–Albian age. The pres ence of Verneuilinoides
graciosus (Fig. 10S), Trochammina cf. neocomiana, Spirillina
sp. and Trocholina sp. of Kimmeridgian–Tithonian char ac ter in 
the clasts of thick-bed ded sand stone (WP 215a, b) ad di tion ally
ex cludes a Mid dle Ju ras sic age for the Szlachtowa Fm., pos tu -
lated by Birkenmajer and Pazdro (1968) and Birkenmajer
(1977).
7. The Opaleniec For ma tion. The strati graphic ranges of the 
foraminiferal spe cies found in Sztolnia A: Dorothia subtrochus
is Barremian–Cenomanian while Rotalipora (=Parathalm -
anninella) cf. appenninica is Albian–Cenomanian. Thus, the
over lap ping age is Albian–Cenomanian. Sim i larly to the sec -
tion “Sztolnia B”, the over lap ping range of the youn gest taxa is
Albian–Cenomanian based on Gyroidinoides infracretaceus
and Gavelinella (Berthelina) cf. berthelini (Keller) (Ta ble 6).
Praedorothia ouachensis whose range is Valanginian–Aptian
may sug gest re work ing. 
8. Cenomanian Key Ho ri zon (Hulina For ma tion in part).
These de pos its rep re sent the up per sed i men tary bound ary of
the “black flysch” suc ces sion in the Ma³e Pieniny Mts. The
bound ary be tween the Opaleniec Fm. and the CKH is tran si -
tional, and is rep re sented by dark grey shales with in ter ca la -
tions of red shale. The pres ence of Thalmannammina
subturbinata, Ammosphaeroidina pseudpopauciloculata and
Parathalmanninella appeninnica in di cates a Late
Albian–Early Cenomanian age (Gawor-Biedowa et al., 1994). 
The up per most part of the CKH is rep re sented by
radiolarites with in ter ca la tions of red shale (mouth of Sielski
Stream, WP 370), which yielded a typ i cally poor foraminiferal
as sem blage com posed of Bathysiphon sp., Nothia excelsa,
Hedbergella planispira and rare radio lar ians, not youn ger than
Turonian. The radiolarites are over lain by spot ted lime stones
(sam ple WP 943) which yielded a rich nannoconid as sem blage
with Nannoconus aff. minutus Brönnimann of
Hauterivian–Cenomanian range. The Cenomanian age of the
CKH is also sup ported by cal car e ous nannofossils doc u mented
in the spot ted lime stones in the Sztolnia A sec tion (Fig. 5; see
also Oszczypko et al., 2004). 
9. Malinowa Shale For ma tion (Turonian–Campanian). In the
sec tions stud ied mainly the lower part of this for ma tion oc curs.
DISCUSSION
In all sec tions stud ied the “black flysch” ap pears in core of
the imbricated folds and/or thrust-sheets, whereas the limbs of
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the folds are com posed of the Malinowa (Turonian–Cam -
panian) and Jarmuta (Maastrichtian–Paleocene) for ma tions.
Lo cally the Jarmuta Fm. overlies di rectly the “black flysch”.
The “black flysch” de pos its are lim ited at the base and top by a
con densed se quence of lime stone and radiolarite rocks. 
The strati graphic base of the “black flysch” can be rep re -
sented by strata of Late Ju ras sic–Early Cre ta ceous age pre -
served on the left bank of the Grajcarek Stream at
Szczawnica-Zabaniszcze. The youn gest strata of this
Zabaniszcze suc ces sion be long to the Kapuœnica and Wronine
for ma tions. with a to tal thick ness of ca. 1.5 m. On the ba sis of
dinocysts (Gedl, 2007) the age of these for ma tions is Late
Barremian–Early Aptian. 
In the Zabaniszcze sec tion the Kapuœnica–Wronine for ma -
tions are over lain by the Szlachtowa For ma tion. This for ma tion 
rep re sents typ i cal “black flysch” com posed of thin- to
thick-bed ded turbiditic sand stones with in ter ca la tions of black
and dark grey marly mudstone and shale with mus co vite flakes. 
Ac cord ing to geo chem i cal stud ies, the black shales of the
Szlachtowa Fm. can be re lated to the Early Cre ta ceous OAE 1
(Wójcik-Tabol and Oszczypko, 2012). This for ma tion passes
up wards into a 10 to 16 m-thick packet of light grey spotted
shales and marls with py rite con cre tions and si der it ic lime stone
in ter ca la tions be long ing to the Opaleniec Fm.
The claystones and mudstones of the “black flysch” con tain 
both cal car e ous as well as si li ceous (ag glu ti nated) ben thic
foraminiferal as sem blages. The cal car e ous foraminifera are
dom i nated by nodosarids (s.l.). Lenticulina ex gr. ouachensis
Sigal, pres ent in some sam ples, may be an ex am ple of the ir rel -
e vance of the Nodosariidae for pre cise statigraphic des ig na -
tions. This spe cies is char ac ter ized by an “an nu lar” um bil i cal
re gion and el e vated su tures sim i lar to Lenticulina quenstedti
(Gümbel). Both spe cies be long to a group with the same mor -
phol ogy of tests that had sev eral growth op tima be tween the
Early Toarcian and Early Cre ta ceous (Bartenstein, 2000). This
fact con sid er ably re duces their strati graphi cal sig nif i cance. The 
same re fers to the gen era Pseudonodosaria, Lingulina,
Dentalina, and oth ers.
In the ma te rial ana lysed from the Szlachtowa Fm. (Sztolnia
A sec tion) three foraminiferal as sem blages can be dis tin -
guished: the old est be longs to the Oxfordian/Tithonian, the sec -
ond one rep re sents the Berriasian–Barremian, and the youn gest 
in di cates the Aptian/Albian–Cenomanian (Ta ble 5). Sim i larly,
in the Opaleniec For ma tion (Ta ble 6): the old est as sem blage
be longs to the Oxfordian–Hauterivian, in ter me di ate to the
Aptian, and the youn gest to the Albian–Cenomanian. 
Be tween the top of the “black flysch” and the var ie gated
shales of the Malinowa Fm. (Turonian–Campanian–?Ma -
astrichtian) a se quence of strata, re ferred to by Sikora (1962,
1971a, b) as the “Cenomanian Key Ho ri zon” (CKH) is de vel -
oped. The CKH is rep re sented by green and black shales with
green and red radiolarites and spot ted lime stones at the top. The
radiolarites are in ter ca lated with red shales con tain ing a
Cenomanian micro fauna. Cenomanian cal car e ous nannoplankton  
were rec og nized in the over ly ing spot ted lime stones both in the
Sztolnia A sec tion (see also Golonka and Sikora, 1981;
Oszczypko et al., 2004) and at the WP 370 site (Fig. 1B). Ac cord -
ing to geo chem i cal stud ies, the black shale in ter ca la tions in CKH
(Sztolnia A, B, C sec tions) can be re lated to the Late Cre ta ceous
OAE 2 (Wójcik-Tabol and Oszczypko, 2012).
The re sults pre sented, in gen eral, sup port Sikora’s (1962,
1971b) view on the Mid-Late Cre ta ceous age of the “black
flysch” suc ces sion in the Ma³e Pieniny Mts. (see also
Cretaceous (Aptian/Albian-?Cenomanian) age of “black flysch” and adjacent deposits of the Grajcarek thrust-sheets in the Ma³e Pieniny Mts. 435
Microfossils  of the
Opaleniec Fm.
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Gavelinella
(Berthelina) berthelini X X X
Plectorecurvoides
alternans X X X
Globigerinelloides
caseyi X X
Parathalmanninella
appenninica X X
Meandrospira
washitensis X
Pseudonodosinella
troyeri X X X X X
Dorothia subtrochus X X X X
Plectorecurvoides
irregularis X X X X
Cribrostomoides
nonioninoides X X X
Gyroidinoides
infracretaceus X X X X X
Praedorothia
ouachensis X X X X
Thalmannammina
neocomiensis X X X X X X X
Trochammina
(Ammoglob.) abrupta X X X X X X X X
Verneuilinoides
neocomiensis X X X X X X X
Ammobaculoides
carpathicus X X X X X X
Pseudoreophax
cisovnicensis X X X X X
Trochammina annae X
Spiroplectammina
vicinalis X
Bulbobaculites
elongatulus X
Verneuilinoides
kirillae X X
Verneuilinella
carpathica X
Thalmannammina
anastasiui X
Spirillina elongata X X X
Trochammina
canningensis X X X
Lenticulina muensteri X X X X X X X X X X X
Colomisphaera
cieszynica X X X
Colomisphaera
vogleri X X X X
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Strati graphic oc cur rence of the microfossils recovered from the
Opaleniec Fm. (based on the lit er a ture men tioned in the
Biostratigraphy section in this pa per)
Oszczypko et al., 2004). The re sults of these stud ies sup port
also the geo log i cal ob ser va tions in di cat ing lithofacies
interfingering of the up per part of the Sztolnia and Opaleniec
lithofacies. Our stud ies sup port also the pre vi ous sup po si tion of 
Sikora (1962, 1971a, b) that the base of the “black flysch” is
prob a bly com posed of a radiolarite/car bon ate con densed se -
quence, known from the Zabaniszcze (A and C) sec tions.
The occurrence of up per most Ju ras sic/Early Cre ta ceous
spe cies of foraminifera in the Szlachtowa and Opaleniec for -
ma tions may sug gest ei ther their pos sess ing wider strati graphic 
ranges than previously known, or re work ing of sed i ments from 
the shal lower part of the ba sin, or perhaps the emer gence of
mor pho log i cal forms typ i cal of cer tain type of en vi ron ment
(e.g., ox y gen-de pleted en vi ron ments).
The oc cur rence of re worked as sem blages of foraminifera
due to ero sion of the shal lower parts of the ba sin seems most
prob a ble. De pend ing on the en ergy of the grav ity-driven cur -
rents, small par ti cles, clasts of dif fer ent sizes as well as
olistholiths may be eroded. How ever, olistholiths have not yet
been iden ti fied in the de pos its of the Szlachtowa and Opaleniec 
for ma tions studied.
The cur rent dis pute con cern ing the age of the “black
flysch” is rem i nis cent of the dis cus sion in the 1960s (see e.g.,
Sikora, 1962; Ksi¹¿kiewicz, 1977). The sup port ers of the Cre -
ta ceous age of these de pos its were ac cused of in cor rect spe cies
de ter mi na tions, while sam ple con tam i na tions was also in -
volved. Sup port ers of a Mid dle Ju ras sic age for the “black
flysch” do not state why iden ti cal as sem blages of foraminifera
have been found in var i ous pro files of the Grajcarek suc ces -
sion, where the “washed out” microfossils may came from and
why there is no con tam i na tion of the Turonian–Campanian as -
sem blages, abun dant in the var ie gated marls of the Jaworki
For ma tion of the PKB or the red shales of the Malinowa For -
ma tion of the Grajcarek suc ces sion. In the views of our ad ver -
sar ies, there is no re flec tion on the geo log i cal po si tion of the
Szlachtowa and Opaleniec for ma tions in the Grajcarek suc ces -
sion. These in ter pre ta tions also do not take into ac count the
known cases of re worked as sem blages in the flysch of the
Outer Carpathians (e.g., Magura and Krosno for ma tions; see
Oszczypko et al., 1999). Reworked as sem blages are also
known from other orogenic belts such as the “Crete
Nero”/Cilento Cilento Flysch in the South ern Apennines (see
Cieszkowski et al., 1994 and ref er ences therein) as well as
from deep-wa ter oce anic sec tions (Kaminski et al., 1992 and
ref er ences herein).  A re cent  re con sid er a tion of the age of the
Outer Dinaride flysch de pos its in Slovenia, Croatia,
Bosnia-Herzegovina and Montenegro, due to the redeposition,
is given by Mikes et al. (2008). 
As sump tion of a Mid dle Ju ras sic age for the Szlachtowa
and Opaleniec for ma tions is lead ing to the ques tion: where did
the Up per Ju ras sic–Lower Cre ta ceous de pos its dissapear? Pos -
si ble so lu tions to these di lem mas can be found through
tectono-sed i men tary anal y sis of the ini tial stages of de vel op -
ment of the Grajcarek sub-Ba sin.
GEOTECTONIC IMPLICATIONS 
The Grajcarek suc ces sion was de pos ited in the south ern
part of the Magura Ba sin (Birkenmajer, 1977, 1986; see also
Oszczypko, 2006). The open ing of the Magura Ba sin prob a bly
took place dur ing the Early/Middle Ju ras sic. Dur ing the Late
Ju ras sic to Early Cre ta ceous this ba sin was oc cu pied by
deep-wa ter, con densed de pos its of the radiolarite/car bon ate se -
quence, known from the Zabaniszcze sec tions. A round the
Late Ju ras sic–Early Cre ta ceous bound ary the south ern pe riph -
ery of the Magura and the Czorsztyn sed i men tary ar eas were
af fected by the Neo-Cim mer ian extensional grav i ta tional fault -
ing (Birkenmajer, 1986, 1988) and for ma tion of
synsedimentary brec cia (Wierzbowski and Remane, 1992;
Golonka et al., 2003). As a re sult of these tec tonic move ments
the ma jor part of the Czorsztyn sed i men tary area was up lifted
and eroded be tween the Berriasian and the Aptian/Albian
boudary (Birkenmajer, 1986, 1988; Golonka et al., 2003).
These extensional tec ton ics  were ac com pa nied by lo cal
intra-plate vol ca nism (Birkenmajer and Lorenc, 2008;
Krobicki et al., 2008; Spišak et al., 2011). 
At the Aptian/Albian bound ary the Neo-Cim mer ian move -
ments might had been man i fested, in the south ern part of the
Magura Ba sin, by shallowing and by the be gin ning of sed i men -
ta tion of the Szlachtowa For ma tion. Erosion of the emerged
part of the Czorsztyn suc ces sion partly sup plied the ma te rial for 
the Szlachtowa sed i ments. These sed i ments ac cu mu lated in the
form of lit to ral bank, rich in re mains of frag ments of cri noids
and macrofauna, and then were trans ported to deeper parts of
the ba sin by grav ity-driven cur rents. The turbidite cur rents
prob a bly also eroded the older (Tithonian/Berriasian)
fine-grained de pos its of the Grajcarek suc ces sion.
The other sed i men tary com po nents of the Szlachtowa Fm.
de rived from the eroded, emerged epizonal meta mor phic rocks, 
which pro vided mica flakes and nu mer ous siliciclastic grains. 
The Albian global rise sea level was marked by deep en ing
of the south ern part of the Magura Ba sin and by the tran si tion
from lithofacies of the “black flysch” (Szlachtowa Fm.) to the
green hemipelagic shales of the Opaleniec For ma tion. This was 
ac com pa nied by an in crease in radiolaria that reached its max i -
mum dur ing sed i men ta tion of the Cenomanian Key Ho ri zon
de pos its. Fur ther deep en ing of the ba sin, be low the lo cal CCD,
re sulted in sed i men ta tion of hemipelagic red shales (CORB)
with in ter ca la tions of thin-bed ded turbidites of the Malinowa
Shale Fm. (Turonian–Campanian). A sim i lar tran si tion from
the “black flysch” de pos its of the “Gault flysch”
(Hauterivian–Albian) to the Cenomanian–Turonian red shales
and marls is known from the en tire mar gin of the NW Tethys.
Such a suc ces sion was re ported from the Moravian sec tor of the 
Magura Nappe (Švabenická et al., 1997) and the
Rhenodanubian Flysch Zone of Lower Aus tria (Schnabel,
1992). In the Ma³e Pieniny Mts., the hemipelagites of the
Malinowa Shale For ma tion were fol lowed by coarse-grained
con glom er ates, rich in PKB ma te rial and ex otic blocks and
clasts, as well as by thick-bed ded turbidites of the Jarmuta For -
ma tion of Maastrichtian/Paleocene age. 
The Early Cre ta ceous flysch de pos its crop out along all the
Al pine Chains of West ern, Cen tral and East ern Eu rope for
more than 7000 km from the Gi bral tar Arc to the Bal kans
(Maghrebides, Apennines, Alps, Dinarides, Hellenides,
Carpathians and Bal kans, see Puglisi, 2009). In the course of
the Late Cre ta ceous re-or ga ni za tion of the plates, all these de -
pos its ex pe ri enced con sid er able tec tonic de for ma tion.
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Also, very sim i lar de pos its to the Early/Mid dle Cre ta ceous
Grajcarek suc ces sion of the Ma³e Pieniny Mts. have been rec -
og nized in the north ern part of the PKB, near Khust and
Svalava (Ukrai nian Carpathians; see Rozumeyko and
Venglinsky, 1989).
CONCLUSIONS
1. In all the sec tions stud ied of the Grajcarek thrust-sheets
in the Ma³e Pieniny Mts. the “black flysch” ap pears in the core
of imbricated folds or thrust-sheets, whereas the limbs are com -
posed of Up per Cre ta ceous de pos its.
2. Biostratigraphical in ves ti ga tions have re vealed a sim i lar
type and se quence of microfaunal as sem blages in all the sec -
tions stud ied. It should be stressed that sig nif i cant redeposition
of ?Ju ras sic cal car e ous ben thic foraminifera, cal car e ous
nannoplankton, and el e ments of cri noids as well as of Late
Jurassic–Early Cre ta ceous ag glu ti nated foraminifera have been 
ob served in the microfaunal as sem blages re cov ered from the
black flysch turbiditic se quences.
3. The Cre ta ceous age (Aptian/Albian–?Cenomanian) of
the “black flysch” is in di cated both by the geo log i cal setting
and by the pres ence of spe cific ag glu ti nated foraminifera and
microfacies data.
4. The tran si tional beds be tween the “black flysch” and the
Up per Cre ta ceous red shales are com posed of green and black,
bi tu mi nous shales with man ga nese ox ide coat ings, red and
green radiolarites with py rite framboide, cherty lime stones, and 
fi nally very thin lay ers of dark, non-cal car e ous shales (CKH).
In the shale in ter ca la tions within the red and green radiolarites
of the CKH, Cenomanian foraminiferal as sem blages have been 
doc u mented while the cherty lime stones yielded
Albian–Cenomanian cal car e ous nannoplankton. The green
shales with man ga nese coat ings (CKH) con tain abun dant
radiolaria in var i ous states of pres er va tion and fi nally, the red
shales of Malinowa Fm. yield as sem blages with the char ac ter -
is tic ag glu ti nated taxa Tritaxia gaultina, Uvigerinammina
jankoi, Spiroplectinella costata and Caudammina gigantea, in -
di cat ing a Turonian–Campanian age of de po si tion. Such a se -
quence of de pos its is typ i cal of the Outer Carpathian and other
Tethyan bas ins and re cords the global Mid-Cre ta ceous phe -
nom ena in the world ocean, fol lowed by the Cre ta ceous Oce -
anic Red Beds.
Acknowledgments. This re search was mainly fi nanced by
Jagiellonian Uni ver sity sci en tific funds (K/ZDS/001933) and
partly by a re search pro ject of the Pol ish Min is try of Sci ence
and Higher Ed u ca tion (K/PBW/000641). The Au thors thank
Prof. M. Kaminski (Fing Fahd Uni ver sity of Pe tro leum  and
Min er als, Dhahran, Saudi Ara bia), Prof. D. Plašienka
(Komensky Uni ver sity, Bratislava) and Prof. A. Wierzbowski
(War saw Uni ver sity) and two anon y mous re view ers for their
con struc tive and crit i cal com ments on the manu script. 
REFERENCES 
BARSKI M., MATYJA B.A., SEGIT T. and WIERZBOWSKI A. (2012) –
Early to Late Bajocian age of the so called “black flysch” (Szlachtowa
fm.) de pos its: im pli ca tions for the his tory and geo log i cal struc ture of
the Pieniny Klippen Belt, Carpathians. Geol. Quart., 56 (3): 391–410.
BARTENSTEIN H.(2000) – Lenticulina (Lenticulina) quenstedti (Gümbel 
1862) und ihre Variationsbreite im Mittel und Oberjura Europas und
Aussereuropas. Senckenberg. Leth., 80: 405–425.
B¥K K., B¥K M. and PAUL Z. (2001) – Barnasiówka Radiolaria shale
For ma tion – a new lithostratigraphic unit in the up per
Cenomanian–low er most Turonian of the Pol ish Outer Carpathians
(Silesian se ries). Ann. Soc. Geol. Pol., 71: 75–103.
B¥K M. (2011) – Tethyan radio lar ians of the Cenomanian–Turonian
anoxic event from the Apennines (Umbria–Marche) and the Outer
Carpathians: palaeo eco logi cal and palaeoenvironmental im pli ca tion.
Stud. Geol. Pol., 134: 7–273. 
BIRKENMAJER K. (1960) – Ge ol ogy of the Pieniny Klippen Belt in Po -
land. Jb. Geol. Bundesanst., 103 (1): 1–36. 
BIRKENMAJER K. (1963) – Stra tig ra phy and palaeo ge ogra phy of the
Czorsztyn Se ries (Pieniny Klippen Belt, Carpathians) in Po land. Stud.
Geol. Pol., 9: 1–380.
BIRKENMAJER K. (1977) – Ju ras sic and Cre ta ceous lithostratigraphic
units of the Pieniny Klippen Belt, Carpathians, Po land. Stud. Geol.
Pol., 45: 1–159.
BIRKENMAJER K. (1979) – Przewodnik geologiczny po pieniñskim
pasie ska³kowym. Wyd. Geol., Warszawa. 
BIRKENMAJER K. (1986) – Stages of struc tural evo lu tion of the Pieniny
Klippen Belt, Carpathians. Stud. Geol. Pol., 88: 7–32.
BIRKENMAJER K. (1988) – Ex otic Andusov Ridge: its role in plate tec -
tonic evo lu tion of the West Carpathian Foldbelt. Stud. Geol. Pol., 91:
7–32.
BIRKENMAJER K. (2001) – Pieniny Klippen Belt. In tro duc tion. In:12th
Meet ing of As so ci a tion of Eu ro pean Geo log i cal So ci et ies, Sep tem ber
10–15, 2001, Kraków, A field guide: 127–139.
BIRKENMAJER K. and GEDL P. (2004) – Dinocyst ages of some Ju ras sic
strata, Grajcarek Unit st Sztolnia Stream, Pieniny Klippen Belt (Po -
land). Stud. Geol. Pol., 123: 245–277.
BIRKENMAJER K. and GEDL P. (2007) – Age of some deep-wa ter ma -
rine Ju ras sic strata at Mt Hulina, Ma³e Pieniny Range (Grajcarek Unit,
Pieniny Klippen Belt, West Carpathians, Po land) as based on
dinocysts. Stud. Geol. Pol., 127: 51-70.
BIRKENMAJER K. and LORENC M.W. (2008) — Lower Cre ta ceous ex -
otic intra plate basaltoid olistolith from Bia³a Woda, Pieniny Klippen
Belt, Po land: geo chem is try and prov e nance. Stud. Geol. Pol., 131:
237–246. 
BIRKENMAJER K. and MYCZYÑSKI R. (1977) – Mid dle Ju ras sic de -
pos its and fauna of the Magura Suc ces sion, near Szlachtowa, Pieniny
Klippen Belt (Carpathians) (in Pol ish with Eng lish sum mary). Acta
Geol. Pol., 27: 337–400.
BIRKENMAJER K. and OSZCZYPKO N. (1989) – Cre ta ceous and
Palaeogene lithostratigrafic units of the Magura Nappe, Krynica sub -
unit, Carpathians. Ann. Soc. Geol. Pol., 59: 145–181.
BIRKENMAJER K. and PAZDRO O. (1963) – On the age and geo log i cal
po si tion so-called “Sub-Flysch Beds” in the of Po land. Ann. Soc.
Geol. Pol., 33 (4): 415–456.
BIRKENMAJER K. and PAZDRO O. (1968) – On the so-called „Sztolnia
beds” in the Pieniny Klippen Belt of Po land (in Pol ish with Eng lish
sum mary). Acta Geol. Pol., 18: 325–365.
BIRKENMAJER K. and WIESER T. (1990) – Ex otic rock frag ments from
Up per Cre ta ceous de pos its near Jaworki, Pieniny Klippen Belt,
Cretaceous (Aptian/Albian-?Cenomanian) age of “black flysch” and adjacent deposits of the Grajcarek thrust-sheets in the Ma³e Pieniny Mts. 437
Carpathians, Po land (in Pol ish with Eng lish sum mary). Stud. Geol.
Pol., 97: 7–67.
BIRKENMAJER K., DUDZIAK J. and JEDNOROWSKA A. (1979) –
Subsurface geo log i cal struc ture of the north ern bound ary fault zone of 
the Pieniny Klippen Belt at Szczawnica (in Pol ish with Eng lish sum -
mary). Stud. Geol. Pol., 61: 7–36.
BIRKENMAJER K., DUDZIAK J., JEDNOROWSKA A. and KUTYBA
J. (1987) – Foraminiferal nannoplankton ev i dence for Maastrichtian
and Paleocene ages of the Jarmuta For ma tion: its bear ing on dat ing
Laramian orogene in the of the Pieniny Klippen, Carpathians. Bull.
Acad. Pol. Sc., Earth Sc., 35: 287–298. 
BIRKENMAJER K., GEDL P., MYCZYÑSKI R. and TYSZKA J. (2008) – 
„Cre ta ceous black flysch” in the Pieniny Klippen Belt, West
Carpathians: a case of geo log i cal mis in ter pre ta tion. Cret. Res., 29:
535–549.
BLAICHER J. (1973) – Opracowanie profili wzorcowych Karpat na
podstawie badañ biostratygraficznych. Jednostka magurska (dolna
kreda). Arch. CAG PIG-PIB, Oddzia³ Karpacki, Kraków.
BOLLI H., BECKMANN J.-P. and SAUNDERS J.B. (1994) – Ben thic
foraminiferal biostratigraphy of the Ca rib bean re gion. Cam bridge
Uni ver sity Press.
CIESZKOWSKI M., OSZCZYPKO N., PESCATORE T., SENATORE M.
R., ŒL¥CZKA A. and VALENTE A. ( 1994) – Deep-sea clastic sed i -
ments and as so ci ated megaturbidites and olistostromes (Ce no zoic,
Cilento, South ern It aly). 15 th IAS Re gional Meet ing, Ischia, 1994,
Pre Meet ing Fieldtrip Guide book, Excursion A9, 191–220.
GAWOR-BIEDOWA E., WITWICKA J., LISZKOWA J., MORGIEL J.
and SZYMAKOWSKA F. (1984) – Rz¹d Foraminiferida Eichwald,
1830. In: Budowa Geologiczna Polski, Tom III, At las skamienia³oœci
przewodnich i charakterystycznych, czêœæ 2c, Mezozoik, Kreda (ed.
L. Malinowska): 187–308. Wyd. Geol., Warszawa.
GEDL E. (2007) – Lower Cre ta ceous dinocyst stra tig ra phy and
palynofacies of the Grajcarek Unit, Pieniny Klippen Belt, West
Carpathians, Po land. Stud. Geol. Pol., 127: 71–100.
GEDL P. (2008a) – The age of the Szlachtowa For ma tion (the co-called
black flysch) and the Opaleniec For ma tion (Pieniny Klippen Belt,
Po land) based on dinoflagellate cyst stud ies (in Pol ish). Prz. Geol., 56
(3): 245–252.
GEDL P. (2008b) – Or ganic-walled dinoflagellate cyst stra tig ra phy of dark 
Mid dle Ju ras sic ma rine de pos its of the Pieniny Klippen Belt, West
Carpathians. Stud. Geol. Pol., 131: 7–227.
GEDL P. (2008c) – Com ments for dis cus sion on biostratigraphy of the
so-called “black flysch” of the Pieniny Klippen Belt in Po land (in Pol -
ish). Prz. Geol., 56 (3): 212–220.
GEROCH S. and NOWAK W. (1984) – Pro posal of zonation for the Late
Tithonian–Late Eocene, based upon arenaceous Foraminifera from the 
Outer Carpathians, Po land. In: Benthos ‘83 (ed.  H.J. Oertli): 225–239. 
2nd In ter na tional Sym po sium on Ben thic Foraminifera Pau (France),
April 11–15, 1983. Elf Aquitane, ESSO REP and TOTAL CFP, Pau
and Bor deaux.
G£UCHOWSKI E., KRAWCZYK A. and S£OMKA T. (1983) –
Isocrinida from the Szlachtowa For ma tion (Ju ras sic) of the Pieniny
Klippen Belt, Carpathians, Po land. Stud. Geol. Pol., 77: 83–88. 
GOLONKA J. and SIKORA W. (1981) – Microfacies of the Ju ras sic and
Lower Cre ta ceous sedimentarily thinned de pos its of the Pieniny
Klippen Belt in Po land (in Pol ish with Eng lish sum mary). Biul. Inst.
Geol., 331: 7–37.
GOLONKA J. and R¥CZKOWSKI W. (1984a) – De tailed Geo log i cal
Map of Po land, Piwniczna Sheet. Wyd. Geol., War szawa. 
GOLONKA J. and R¥CZKOWSKI W. (1984b) – Piwniczna Sheet, ex pla -
na tions to De tailed Geo log i cal Map of Po land. Wyd. Geol., Warszawa.
GOLONKA J., KROBICKI M., OSZCZYPKO N., ŒL¥CZKA A. and
S£OMKA T. (2003) – Geodynamic evo lu tion and paleogeography of
the Pol ish Carpathians and ad ja cent ar eas dur ing Neo-Cim mer ian and
pre ced ing events (lat est Tri as sic–ear li est Cre ta ceous). Spec. Publ.
Geol. Soc., 208: 138–158.
HOLBOURN A.E.L. and KAMINSKI M.A. (1997) – Lower Cre ta ceous
deep-wa ter ben thic foraminifera of the In dian Ocean. Grzybowski
Found. Spec. Publ., 4: 1–172.
HORWITZ L. (1929) – Sur la geologie de la Zone Pienine des Klippes
(Carpates Po lo naises). II Zjazd Geografów i Etnografów
S³owiañskich. Pamiêtnik, 1: 321–326. Kraków.
HORWITZ L. (1933) – Compte rendu des recherches geologiques faites en
1932 pour la re vi sion des feuilles de Nowy Targ et Szczawnica de
l’Atlas Geologique de la Galicie. Nou velle coupe schematique de la
Zone Piénine des Klippes (Karpates Po lo naise) (in Pol ish with French
sum mary). Posiedz. Nauk. Pañstw. Inst. Geol., 35: 22–26.
HORWITZ L. (1963) – Ge ol ogy of the Pieniny Mts. – post hu mous pa per
(in Pol ish with Eng lish sum mary). Com ments by K. Birkenmajer.
Prace Inst. Geol., 38: 1–152.
JUREWICZ E.(1994) — Struc tural anal y sis of the Pieniny Klippen Belt at
Jaworki, Carpathians, Po land. Stud. Geol. Pol., 106: 7–87.
JUREWICZ E. ( 1997) — The con tact be tween the Pieniny Klippen Belt
and Magura Unit (the Ma³e Pieniny Mts.). Geol. Quart., 41 (3):
315–326. 
KAMINSKI M.A., GRADSTEIN F.M. and GEROCH S. (1992) – Up per -
most Ju ras sic to Lower Cre ta ceous deep-wa ter ben thic foraminifera
as sem blages from Site 765 on the Argo abys sal plain. Proc. ODP, Sc.
Re sults, 123: 239–264.
KAMINSKI M.A., NEAGU T. and PLATON E. (1995) – A re vi sion of the
Lower Cre ta ceous foraminiferal ge nus Falsogaudryinella from the
north west Eu rope and Ro ma nia and its re la tion ship to
Uvigerinammina. Grzybowski Found. Spec. Publ., 3: 145–157.
KAMINSKI M.A., SETOYAMA E. and CETEAN C.G. (2008) – Re vised
strati graphic ranges and the Phanerozoic di ver sity of ag glu ti nated gen -
era. Grzybowski Found. Spec. Publ., 13: 79–106.
KRAWCZYK A.J. and S£OMKA T. (1986) – De vel op ment and sed i men -
ta tion of the Szlachtowa For ma tion (Ju ras sic flysch) east of
Szczawnica (Grajcarek Unit, Pieniny Klippen Belt, Po land)  (in Pol ish
with Eng lish sum mary). Stud. Geol. Pol., 70: 67–71.
KROBICKI M. and OLSZEWSKA B. (2005) – Urgonian-type
microfossils in ex otic peb bles of the Late Cre ta ceous and Paleogene
gravelstones from the Sromowce and Jarmuta for ma tions. Stud. Geol.
Pol., 124: 53–66.
KROBICKI M., OSZCZYPKO N., SALATA D. and GOLONKA J. (2008)
– Intra-plate al ka line vol ca nism in the Pieniny Klippen Belt (East ern
Carpathians, Ukraine). In: Proc. and Ex cur sion Guide of the 6th Meet -
ing of the Cen tral Eu ro pean Stud ies Group (CETEG) (eds. Z. Nemeth 
and D. Plašienka): 73–74. State Geol. Inst. Dionýz Štúr, Bratislava. 
KSI¥¯KIEWICZ M. (1977) – The Tec ton ics of the Carpathians. In: Ge ol -
ogy of Po land. Vol ume 4. Tec ton ics (ed. W. Po¿aryski): 476–699.
Wyd. Geol., Warszawa
MALATA E. and OSZCZYPKO N. (2010) – How many “black flysches”
can be dis tin guished in the Grajcarek thrust-sheets of the Pieniny
Klippen Belt in Po land. Geol. Balcan., 39 (1–2): 239–240.
MIKES T., BALDI-BEKE M., KAZMER M., DUNKL I. and von
EYNATTEN H. (2008) – Cal car e ous nannofossil age con straints on
Mio cene flysch sed i men ta tion in the Outer Dinarides (Slovenia,
Croatia, Bosnia-Herzegovina and Montenegro). Geol. Soc. Lon don,
Spec. Publ., 298: 335–363.
NAGY J. and BASOV V. (1998) – Re vised foraminiferal taxa and
biostratigraphy of Bathonian to Ryazanian de pos its of Spitsbergen.
Micropaleontology, 44: 217–255.
NAGY J., LÖFALDLI M., BÄCKSTRÖM S.A. and JOHANSEN H.
(1990) – Ag glu ti nated foraminiferal stra tig ra phy of Mid dle Ju ras sic to
basal Cre ta ceous shales, Cen tral Spitsbergen. In: Paleoecology,
Biostratigraphy, Paleoceanography and Tax on omy of Ag glu ti nated
Foraminifera (eds. C. Hemleben et al.): 969–1015. Kluwer Acad.
Publ., Neth er lands. 
NEAGU J. and NEAGU J. (1995) – Smaller ag glu ti nated foraminifera
from the acanthicum Lime stone (Up per Ju ras sic), Eastern
Carpathians, Ro ma nia. Grzybowski Found. Spec. Publ., 3: 211–219.
NEMÈOK J. (1990) – Geo log i cal map of Pieniny and Èergov Mts.,
¼ubovnianaska vrchovina and Ondavská vrchovina up lands. Dionýz
Štúr Inst. Geol., Bratislava.
NOWAK W. (1971) – Wyniki badañ mikrofacjalnych profilu
Szczawnica-Zabaniszcze. In: Przewodnik XLIII Zjazdu Polskiego
Towarzystwa Geologicznego, Kraków 12–14 wrzeœnia 1971 (eds. R.
Unrug et al.): 215–218. Wyd. Geol., Warszawa.
438 Nestor Oszczypko, Barbara Olszewska and Ewa Malata
OBERMAJER M. (1986) – Microfacies and age of the Pieniny Lime stone
For ma tion (Tithonian-Barremian) of the Grajcarek Unit, east ern part
of the Pieniny Klippen Belt, Carpathians (in Pol ish with Eng lish sum -
mary). Prz. Geol., 34 (6): 317–323. 
OLSZEWSKA B. (1997) – Foraminiferal biostratigraphy of the Pol ish
Outer Carpathians: a re cord of ba sin geohistory. Ann. Soc. Geol. Pol.,
67: 325–337.
OSZCZYPKO N. and SALATA D. (2005) – Prov e nance anal y ses of the
Late Cre ta ceous–Palaeo cene de pos its of the Magura Ba sin (Pol ish
West ern Carpathians) – ev i dence from a study of the heavy min er als.
Acta Geol. Pol., 55: 237–267. 
OSZCZYPKO N., ANDREYEVA-GRIGOROVICH A.S., MALATA E.
and OSZCZYPKO-CLOWES M. (1999) – The Lower Mio cene de pos -
its of the Raèa Sub unit near Nowy S¹cz (Magura Nappe, Pol ish Outer
Carpathians). Geol. Carpath., 50 (6): 419–433. 
OSZCZYPKO N., MALATA E., ŠVABENICKA L., GOLONKA J. and
MARKO F. ( 2004) – Ju ras sic-Cre ta ceous con tro ver sies in the West -
ern Carpathian Flysch: ”black flysch” case study. Cret. Res., 25:
89–113.
OSZCZYPKO N., GOLONKA J. and MALATA E. (2008) – Re play to
com ments for dis cus sion on biostratigraphy of the so-called “black
flysch” of the Pieniny Klippen Belt in Po land (in Pol ish). Prz. Geol.,
56 (3): 221–224.
OSZCZYPKO N., JUREWICZ E. and PLAŠIENKA D. (2010) – Tec ton ics
of the Klippen Belt and Magura Nappe in the East ern Part of the
Pieniny Mts. (West ern Carpathians, Po land and Slovakia) – new
approaches and re sults. Sc. Ann. School Geol., Ar is totle Univ.
Thessaloniki, Fac ulty Sc., Spec. Vol., 100 (1–2): 221–230.
PAZDRO O. (1979) – Micro fauna from the Opaleniec For ma tion (Mid dle
Ju ras sic), Pieniny Klippen Belt of Po land  (in Pol ish with Eng lish sum -
mary). Stud. Geol. Pol., 61: 105–122.
 PLAŠIENKA D. and MIKUŠ V. (2010) – Geo log i cal set ting of the Pieniny 
and Šariš sec tors of the Klippen Belt be tween Litmanova and Drienica
vil lages in the East ern Slovakia (in Slo vak with Eng lish sum mary).
Miner. Slovaca, 42: 155–178.
PLAŠIENKA D., SOTÁK J., JAMRICHOVÁ M., HALÁSOVÁ E.,
PIVKO D., JÓZSA Š., JOZEF MADZIN J. and MIKUŠ V. (2012) –
Struc ture and evo lu tion of the Pieniny Klippen Belt dem on strated
along a sec tion be tween Jarabina and Litmanová vil lages in East ern
Slovakia. Miner. Slovaca, 44: 17–38. 
PUGLISI D. (2009) – Early Cre ta ceous flysch from Betic-Maghrebian and
Eu rope Al pine Chains (Gi bral tar Strait to the Bal kans): com par i son
and palaeotectonic im pli ca tions. Geol. Balcan., 38 (1–3): 15–22.
REHÁKOVÁ D. (2000) – Cal car e ous dinoflagellate and calpionellid
bioevents ver sus sea level fluc tu a tions re corded in the
West-Carpathian (Late Ju ras sic/Early Cre ta ceous) pe lagic en vi ron -
ments. Geol. Carpath., 51: 229–243. 
RIEGRAF W. and LUTERBACHER H. (1989a) – Oberjura- Foraminiferen 
aus dem Nord-und Südatlatik (Deep Sea Drill ing Pro ject Leg 1-79).
Geol. Rd., 78: 999–1045.
RIEGRAF W. and LUTERBACHER H. (1989b) – Benthonische
Foraminiferen aus der Unterkreide des “Deep Sea Drill ing Pro ject”
(Leg 1-79). Geol. Rd., 78: 1063–1120.
ROZUMEYKO S.W. and VENGLINSKY I.V. (1989) – Kharaktiernye
kompleksy foraminifer Yurskikh i nizhnemelovych otlozhenii
Pieninskoy Zony Karpat (in Rus sian). In: Geologia Sovetskikh Karpat
(ed. N.P. Semenenko): 162–167. Naukova Dumka, Kijev. 
SCHNABEL W. (1992) – New data on the Flysch Zone of the Estern Alps
in the Aus trian sec tor and new as pects con cern ing the tran si tion to the
Flysch Zone of the Carpathians. Cre ta ceous Res., 13: 405–419. 
SIKORA W. (1962) – New data on the ge ol ogy of the Pieniny K1ippen
Belt. Bull. Pol. Acad. Earth Sc., 10: 203–211. 
SIKORA W. (1971a) – Esquisse de la tectogenese de la zone des Klippes
des Pieniny en Pologne d’apres de nouvelles donnees geologiques (in
Rus sian with Pol ish and French sum mary). Rocz.  Pol. Tow. Geol., 41
(1): 221–239.
SIKORA W. (1971b) – Przewodnik XLIII Zjazdu Polskiego Towarzystwa
Geologicznego, Kraków 12–14 wrzeœnia 1971. Wyd. Geol.: 208–215,
219–224. Warszawa.
SPIŠIAK J., PLAŠIENKA D., BUCOVÁ J., MIKUŠ T. and UHER P.
(2011) – Pe trol ogy and palaeotectonic set ting of Cre ta ceous al ka line
ba saltic vol ca nism in the Pieniny Klippen Belt (West ern Carpathians,
Slovakia). Geol. Quart., 55 (1): 27–48. 
ŠVABENICKÁ L., BUBÍK M., KREJÆI O. and STRÁNÍK Z. (1997) –
Stra tig ra phy of Cre ta ceous sed i ments of the Magura Group of nappes
in Moravia. Geol. Carpath., 48: 179–191.
WIERZBOWSKI A. and REMANE J. (1992). — The ammonite and
calpionellid stra tig ra phy of the Berriasian and low er most Valanginian
in the Pieniny Klippen Belt (Carpathians, Po land). Ecl. Geol. Helv.,
85: 871–991. 
WÓJCIK-TABOL P. and OSZCZYPKO N. (2010) – Re la tion ship be tween
the ?Cre ta ceous „Black Shales” and Cre ta ceous Red Beds of the
Grajcarek Suc ces sion – geo chem i cal ap proach (Pieniny Klippen Belt,
West Carpathian, Po land). Sc. Ann. School Geol, Ar is totle Univ.
Thessaloniki, Fac ulty Sc., Spec. Vol., 100 (1–2): 259–268. 
WÓJCIK-TABOL P. and OSZCZYPKO N. (2012) – Trace el e ment geo -
chem is try of the Early to Late Cre ta ceous de pos its of the Grajcarek
thrust sheets – a palaeoenvironmental ap proach (Ma³e Pieniny Mts,
Pieniny Klippen Belt, Po land). Geol. Quart., 56 (1): 169–186.
Cretaceous (Aptian/Albian-?Cenomanian) age of “black flysch” and adjacent deposits of the Grajcarek thrust-sheets in the Ma³e Pieniny Mts. 439
